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Chinese liquor “Gujing Gongjiu” is a traditional Chinese distilled alcoholic beverage 
that is categorized by a strong-aromatic fragrance. It has strong floral, fruity, and sweet 
flavor with a smooth taste. Volatile compounds were isolated by headspace solid-phase 
microextraction (HS-SPME) from Gujing liquors that were aged 1, 5, 10, and 20 years. A 
HS-SPME method optimization procedure was performed to determine the best 
extraction conditions for liquor volatile isolation. Gas chromatography-mass 
spectrometry (GCMS) was used for quantitative and qualitative analysis of liquor 
volatiles. Volatile compounds were identified by Kovats retention indices and their mass 
spectrum. The influence of extended aging time on the composition of liquor volatiles 
was investigated. 
The volatile profile was similar in the four aged liquors. The unidentified volatiles 
were a result of poor repeatability or low intensity. The major volatile group in Gujing 
liquor was esters that comprised over 96% of total volatiles. Ethyl hexanoate was the 
dominant compound in all four liquors and accounted for approximately 50% of total 
volatile amount. Ethyl hexanoate is easily characterized by its floral and fruity smell and 
serves as the main contributor to the liquor’s flavor. Ethyl acetate (0.69-2.07%), ethyl 
butanoate (4.05-5.11%), ethyl pentanoate (0.94-3.68%), ethyl heptanoate (4.20-7.11%), 
ethyl octanoate (8.32-17.74%), and hexyl hexanoate (1.69-3.81%) were the other 
characteristic esters attributed by their high intensity. The effect of aging time did not 
cause a significantly different percent composition of ester compounds. Alcohols were 
the second largest volatile group and provided sweet, fruity flavors. Unlike the ester class, 
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ABSTRACT 
Chinese liquor “Gujing Gongjiu” is a traditional Chinese distilled alcoholic beverage 
that is categorized into a strong-aromatic fragrance liquor. It has a strong mixed floral, 
fruity, and sweet flavor with a smooth taste. Volatile compounds were extracted by 
headspace solid-phase microextraction (HS-SPME) from Gujing liquors that were aged 
for 1, 5, 10, and 20 years. Optimization of HS-SPME method was performed to 
determine the best experimental condition for extraction of liquor volatiles. Gas 
chromatography-mass spectrometry (GC-MS) was used for quantitative and qualitative 
analysis of liquor volatiles. Volatile compounds were identified by Kovat’s retention 
indices and their mass spectrum. The influence of extended aging time on the 
composition of liquor volatiles was investigated. 
The general volatile profiles of the four aged liquors were similar. The major volatile 
group in the Gujing liquor was esters that comprised over 96% of total volatiles. Ethyl 
hexanoate was the dominant compound in all four liquors and accounted for 
approximately 50% of the total volatile amount. Ethyl hexanoate is easily characterized 
by its floral and fruity smell and served as the main contributor to the liquor’s flavor. 
Ethyl acetate (0.69-2.07%), ethyl butanoate (4.05-5.11%), ethyl pentanoate (0.94-3.68%), 
ethyl heptanoate (4.20-7.11%), ethyl octanoate (8.32-17.74%), and hexyl hexanoate 
(1.69-3.81%) were other characteristic esters recognized by their high detective 
intensities. The effect of aging time did not cause a significantly different percentage of 
composition of ester compounds. Alcohols were the second largest volatile group and 
provided sweet, fruity flavors. Unlike the ester class, the concentration of detected 
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alcohols was reduced as aging time increased. The amount of volatile organic acids is 
important since they are associated with sweaty off-flavors. Hexanoic acid was the major 
organic acid and reached its highest concentration after aging of 10 years. Besides, 
acetals provided floral and fruity flavors for the liquor. Their total amount significantly 
decreased at the beginning of aging and then became stable as aging time increased. 
Other identified chemical classes included phenolic compounds, sulfur-containing 
compounds, anhydrides, ketones and aldehydes. However, only one or two compounds 
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I. LITERATURE REVIEW 
1.1 History and Background of Chinese Liquor 
Chinese liquor that is distilled from fermented grains is a traditional alcoholic 
beverage, which has a general name called “Bai Jiu” or “Shao Jiu” in China to 
characterize its colorless and transparent appearance with a burning taste and strong 
aromatic flavor. According to historic Chinese literature, three types of alcoholic 
beverages were made in the Shang dynasty (1200-1046 B.C.). They were called “Chang”, 
“Li” and “Jiu”. Among them, “Jiu” is known as a liquor completely fermented from rice 
or millet and filtered to reach a 10-15% of ethanol content (1). With improvements on 
techniques of distillation, the alcoholic drinks were made to contain higher ethanol 
contents (40-70% by weight). Nowadays, “Jiu” is more representative of the spirit that is 
distilled from the fermented grains rather than its original definition for non-distilled 
beverages. Despite the fact that Chinese people started brewing alcoholic drinks 7000 
years ago, the exactly known time when distillation was extensively used for liquor 
manufacturing was during the Yuan Dynasty (1206–1368 AD) (2, 3). 
An estimated annual production of Chinese liquor is over 7 billion liters, which is 
much higher than that of other traditional alcoholic Chinese drinks such as rice wine, 
yellow wine, or wine made from milk (3). Although the import of beer, wine, and other 
western spirits share a portion of the alcoholic beverage market in China, the traditional 
Chinese liquor still accounts for the majority market because drinking alcoholic 
beverages is part of the traditional Chinese culture, and is a common companion during 
  2 
festivals, socialization, and celebrations. In regards of its social function, Chinese liquor 
plays a quite similar role to the western spirits (2). 
In ancient China, Chinese liquor was also used as a medicine in addition to a 
beverage. It was used directly or combined with traditional medicinal herbs to treat 
various diseases. In an ancient Chinese medicinal book “Bencao Gangmu”, which was an 
encyclopedia of Chinese traditional medicines and medicinal herbs written by Mr. Shi-
Zhen Li in 1578 (4, 5), there were some records of manufacturing Chinese liquors and 
their medicinal functions (4, 5). For example, traditional Chinese medicinal herbs are 
often soaked in Chinese liquors for a period to produce medicinal liquors because the 
water-ethanol mixture serves as a good solvent to extract pharmaceutical chemicals from 
the herbs. Besides, it described the original distilled liquid would subsequently be 
distilled two to three times in order to achieve a higher percentage of alcohols in order to 
relieve pain and improve emotions (1). The high amount of ethanol in liquors also helps 
preserving the functionality of compounds that may be sensitive to heat or are poorly 
soluble in water (4). 
1.2 Manufacturing Chinese Liquor 
Chinese liquor is a traditional distillation spirit that only exists in China, which has 
many fascinating manufacturing methods with a certain degree of theory is still not 
discovered (6). So many manufacturers distributed all over the country have developed 
various liquors that have their own characteristic aromas produced by various unique 
processing methods. In other word, there is no standard method for liquor production, for 
which the recipe is inherited from ancient time and passed through generation by 
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generation (6, 7). Current production of Chinese liquor is still adopting the traditional 
recipe combined with the latest modern processing technologies, which are only used for 
quality control and new product development (8). 
So many different flavor profiles of various Chinese liquors are good representatives 
to reflect the regional specific flora of microorganisms used for fermentation (9). In 
addition, to construct a perfect environment for the microorganisms’ growth and 
development of liquor production, it is critical to have a relatively stable and special 
geological climate, air ventilation, daily temperature, annual weather condition, local 
water quality and necessary minerals in soil (10). During the 1970s, the manufacturer of 
the famous Chinese liquor “Maotai” wanted to increase its production yield so that a new 
plant was built in a place which has a similar environmental condition as the original 
town. However, its quality was far away from that of the original “Maotai” liquor even 
the same processing procedures were used (10, 11). This case indicates that the quality of 
liquor can be significantly influenced by the local environment. 
It often requires several months to get a primary product of Chinese liquor, which 
involves the following major steps, including fermentation of “Daqu”, preparation of 
sugar sources, solid-phase fermentation, distillation, storage of aging, and blending for 
final product (12). All of the above processing steps and the materials used in production 
will remarkably influence the final quality of liquor products (13). These steps will be 
described in the following sections.  
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1.2.1 Fermentation of “Daqu” 
Daqu refers to a natural fermentation starter, which is made of grains, for catalyzing 
liquor fermentation (13, 14). Milled grains such as wheat and pea are mixed with water to 
be shaped into properly sized bricks, and then put into the room full of mold spores for 
microbes’ inoculation (14). The microorganisms in Daqu is obtained and enriched 
naturally rather than inoculated on purpose. However, microorganisms inside the Daqu 
are still not identified completely due to its complexity (15, 16). After the Daqu bricks 
are molded, they are incubated at proper temperatures until ripen (17). Based on the 
highest incubation temperature, Daqu can be classified as low, medium, and high groups 
which correspond to 40-50°C, 50-60°C, and 60-70°C, respectively (15). Under the high 
temperature for Daqu’s fermentation, the raw material that is rich of sugar and amino 
acids will undergo the Millard reaction to produce many flavor compounds (12, 18, 19). 
Ripened Daqu with satisfied flavor contains necessary microorganisms (i.e. mold, yeast 
and bacteria), enzymes, amino acids, carbohydrates and chemical precursors of aromas 
(12, 14).  Then, the ripened Daqu and raw material are mixed in a ratio of 1:1 to 1:4 for 
further fermentation, which will generate some aromatic chemicals in the Daqu to 
constitute a part of the final liquor flavor (8, 15, 20). The quality of Daqu directly 
influence the liquor’s quality (21) because the enzymes of microorganisms in Daqu are 
responsible for saccharification of grains and generation of many flavor compounds. The 
species and ratio of the microorganisms can not be replaced by the relevant commercial 
enzymes for liquor fermentation because only such a delicate mixture of microorganisms 
will produce the superior liquor, of which the aroma is much better than that produced by 
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pure enzymes. (12). However, many bacteria and mold strains in Daqu still have not been 
fully characterized (10, 12, 15, 22). On the other hand, a defected Daqu will not contain 
the right microorganisms but produce odor compounds that cause unpleasant smell and 
taste of liquor (23). 
Daqu can be categorized into the following types: soy-sauce fragrance, strong-aroma 
fragrance, light-aroma fragrance and miscellaneous fragrance (8). The flavor compounds 
found in Daqu include alcohols, aldehydes, ketones, esters, acids, aromatic compounds, 
furans, phenols, pyrans, pyrazines, nitrogen-containing chemicals, etc., which are similar 
to the fragrance category of liquor (14, 24). There are few nitrogen-containing 
compounds in liquor although it is the second largest group in Daqu (12). Daqu and 
liquor share many flavor compounds like 2-pentanol, 1-butanol, 1-octanol, ethyl acetate, 
hexanal, nonanal, 2-pentaone and some other compounds (12). A high quality Daqu not 
only provides a high quality fermentation culture, but also brings in important flavor 
compounds and/or flavor precursors that contribute to the final liquor flavor. 
1.2.2 Solid-Phase Fermentation 
Fermentation is the most important step for liquor flavor development since it is the 
major step to produce ethanol and other flavor compounds. The sugar source in raw 
material, such as starch, is saccharified by mold to monosaccharaides and then 
decomposed by yeast to produce ethanol (25). Meanwhile, the special flavor components 
of liquor are biosynthesized by various microorganisms (25). The general steps include 
material (i.e., sugar source, Daqu, and subsidiary material) preparation, and pit 
fermentation (26-28). 
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1.2.2.1 Material Preparation for Fermentation  
Grains that are rich of starch and some proteins are the main sugar source in the raw 
material for fermentation in order to develop liquor flavors. The most commonly used 
raw material for fermentation include sorghum, rice, sticky rice, and wheat (26). Raw 
grains are broken into smaller size particles and then gelatinized by steam before 
fermentation, which helps microorganisms decomposing and saccharifying starch and 
removing odor at same time (29). The raw material can be either steamed independently 
or steamed simultaneously with distillation, which result in two types of liquors, i.e., light 
aroma liquors and strong aroma liquors, respectively (30). Besides grains, some auxiliary 
materials like rice hulls, which contribute additional flavors of liquor, are mixed with 
grains to keep fermentation material loose and fluffy (31). The variety and quality of 
fermentable grains, as well as the fermentation conditions and other influencing factors 
determine the aromatic differences of the final liquor products (27). 
1.2.2.2 Pit Fermentation 
After all grains and Daqu are prepared, the fermented grains also called “Zaopei” in 
Chinese, newly steamed grains, and fresh Daqu powder are mixed together, and then put 
into pit for a new round of fermentation (32). Unlike wine production or beer brewing 
that contains a lot of liquid during fermentation, the solid-phase fermentation barely 
produces free water so that the fermentation material maintains in solid all the time (33). 
In order to provide enough moisture for microbes’ growth and help starch gelatinized, 
extra water needs to be added into the solid material (29). The fermentation container is a 
giant pit that is often covered with old pit mud for liquor fermentation (34). Besides, 
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another layer of mud without microorganisms is used to seal the top of pit to prevent air 
into the container during the whole fermentation process. Different microorganism 
species have their own growing periods and reach their maximum population at different 
fermentation stages (35), which can be influenced by temperature, oxygen level, acid, 
sugar, and ethanol concentration during the fermentation (35, 36). For example, yeasts 
reproduce fast initially with the oxygen in the pit. After all oxygen is used, 
microorganisms change to the anaerobic inspiration and start producing ethanol and 
flavor compounds (35). At the end of fermentation, almost all microorganisms are not 
survived with the increased ethanol concentration and reduced pH (36). Some 
microorganism strains have been isolated from the fermented grains, and their 
contribution to the liquor has been analyzed (15, 20, 37). Some microbials work for 
saccharification of starch and ethanol production, while others use the decomposed 
chemicals to produce flavor compounds (38). Enzymes digest the large molecule, such as 
starch and protein, as well as fatty acids into small molecules that are further used by the 
bacteria to generate various aromas (38). 
1.2.3 Distillation 
Distillation is the step that uses water steam to extract the ethanol and flavor 
compounds from the fermented grains to get original liquor (39). The fermented grain 
mash is distilled on a special container, which consists of a steam pan and a giant water 
condenser. Fermented grains are spread on the pan loosely to let hot steam easy go 
through. After ethanol and volatile fragrance compounds are vaporized by hot steam, the 
gas phase goes into the condenser and becomes liquid phase again to get the liquor. 
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Distillation decides the liquor quality because an improper distillation procedure would 
lose important flavor compounds embedded in solid part but bring useless compounds 
into the liquor (6, 39). The solubility in water/ethanol and the boiling point difference of 
various flavors affect the distillation efficiency and time. Normally, compounds with 
lower boiling points or high solubility in ethanol will be distilled earlier (6). For the same 
reason, the compounds that are more water-soluble or have higher boiling points will be 
separated later (6). Generally, alcohols and esters have lighter molecule weights, lower 
boiling points, or higher ethanol solubility, so they evaporate earlier at the early stage of 
fermentation (6, 39). Meanwhile, acids that are more water soluble and semi-volatiles 
with relatively higher boiling points are usually vaporized in the late distillation process 
(6). The primary liquor is collected independently at the distillation stage, and stored 
separately for aging. Thereafter, different parts are mixed together to get the final product 
with desirable aroma based on technician’s experience. 
1.2.4 Storage and Aging 
The freshly distilled liquor has a green, spicy, and hash taste, which is not satisfied 
for consumption and needs a certain period of storage to develop an aged liquor with 
desirable, balanced aroma and a soft and gentle taste so that it can be accepted by 
consumers (26). Traditionally a giant crock jar is preferred to be chosen as the liquor 
container. Nowadays, stainless steel tank is used in regards of the storage need of large 
quantity of liquors. Unlike western spirits that need aging in oak barrels to get unique 
flavor (40), the liquor container will not provide more fragrant compounds for the 
Chinese liquor (26). The chemical reactions between the fragrant molecules in the aging 
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liquor is the main pathway to synthesize new aromas to balance and enrich the liquor 
flavor (26). For example, esters, which are one of the important flavor compounds in 
Chinese liquors, are formed by acids and alcohols during storage. Along with the 
increasing storage time, water, ethanol and some other small volatile compounds will 
escape from the crock jar, resulting in a concentrated liquor (26). On the other hand, 
those small volatile compounds usually have health hazards so that reducing these 
compounds will improve not only the liquor quality but also its safety (41). Balanced 
volatiles in the solvent will make the taste of liquor more smooth, and smell more 
desirable (7). Freshly distilled liquor has to be aged for at least 3 years before being 
blended as the final product (26). Aged original liquor is usually diluted to the ethanol 
concentration within the range of 40%-60% (v/v) and balanced to make the liquor aromas 
to reach the standard for selling (6). 
1.3 Classification of Chinese Liquor Fragrance  
Chinese liquors have quite different aromas due to the differences on processing 
methods and manufacturing locations. Based on their aromas, Chinese liquors are 
traditionally categorized into 4 major types, which are the soy-sauce fragrance, strong 
aroma fragrance, light aroma fragrance and other fragrance (13, 27). 
Soy-sauce fragrance liquor is named by its light fermented soybean flavor that 
commonly exists in traditionally brewed Chinese soy sauce. Its specialty flavor is 
generated from repeated fermentation processes under high temperature (42). This type of 
liquor includes many semi-volatiles that can last a long time after drinking (7), and 
roasted aromas produced by the Millard reaction (34). From the chemical study of Daqu, 
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cysteine was considered the precursor of the soy-sauce flavors. In addition, 2,3-
butanediol, 3-hydroxy-2-butanone, and tetramethylpyrazine may impart contribution to 
the special soy-sauce flavor (43). In this group of liquors, “Maotai” that is the national 
liquor of China is one of the representative liquor with soy-sauce fragrance. 
Strong aroma fragrance liquor accounts for the largest production in China because of 
its strong fruity and fresh flavor (44). Unlike the soy-sauce fragrance liquor with 
unknown critical flavor compounds, ethyl hexanoate is the main characteristic aroma 
compound for the strong aroma fragrance liquor (28). The strong aroma fragrance liquor 
has a sweet and smooth taste, and a soft clean feeling after drink (45). The important 
aroma compounds in the strong aroma liquor include ethyl butanoate, ethyl pentanoate, 
ethyl hexanoate, ethyl octanoate, butyl hexanoate, ethyl 3-methylbutanoate and hexanoic 
acid, etc. (27). These aromatic compounds provide fruity, flora and pineapple flavors, 
although hexanoic acid itself has an odor that is not satisfied (27). Pit mud is one of the 
most important parts for developing flavors of the strong aroma liquors since the bacteria 
in the pit mud produce the chemical hexanoic acid that is the critical ingredient for 
potential chemical synthesis of ethyl hexanote (46). Therefore, the amount of hexanoic 
acid during the strong of aging needs to be controlled under a certain range (46). The 
famous strong aroma fragrance liquor brands include “Wuliangye” and “Jiannanchun” 
made in Szechuan province, and “Gujinggong” made in Anhui province. 
Light-aroma fragrance liquor has a light, clean and sweet flavor. The main 
contributing flavor is ethyl acetate (45), which combines ethyl lactate to provide the final 
liquor’s flavor (45). The flavor of this type of liquor is much lighter and fresher than that 
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of the soy-sauce fragrance and strong-aroma fragrance liquors because of their 
differences in methods of material preparation and free fermentation of the pit mud (47). 
Besides, the gelatinization of raw material is steamed independently in the light aroma 
fragrance liquor, which is different from the strong aroma liquor that undergoes the 
steaming and distillation simultaneously. The aromas of the light-aroma fragrance liquor 
mainly come from the fermentation while a few flavor compounds come from Daqu. In 
addition, it lacks the flavors that are made by microorganisms in the pit mud (47).  
To make the light-aroma fragrance liquor, its fermented grains is only mixed with 
Daqu for a second time fermentation without adding new material. After the second 
distillation, the solid part is disposed without recycle (47). Without the representative 
flavors from raw material, grain hull, Daqu, pit mud, and used fermented grains, the 
aromatic compounds of the light-aroma fragrance liquor that mainly come from 
fermentation are characterized by the fresh and clean flavor, for which the famous light-
aroma liquor is “Fenjiu”. 
Other liquors have miscellaneous flavors (45). For example, rice aroma liquor has a 
strong rice flavor since rice is used as a main raw material for fermentation (45). Some 
other liquors add traditional Chinese medicinal herbs during liquor manufacturing as 
additives to get special flavor (48). 
1.4 Volatile Compounds of Chinese Liquor 
Volatile compounds in Chinese liquors include alcohols, aldehydes, ketones, esters, 
furans, aromatics, sulfur-containing compounds, nitrogen-containing compounds, acetals, 
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and other components (26-28). These components provide different flavors to contribute 
the complex flavor of Chinese liquor. 
Alcohols are a group of chemicals, of which its carbon atom is bound with a hydroxyl 
functional group (-OH). In Chinese liquor, ethanol concentration could reach to 
40%~70% v/v or even higher (26). Besides ethanol, other alcohols, such as 2-pentanol, 1-
heptanol, 1-octanol etc., are the important aroma components for liquor flavor (26). 
Alcohols provide sweet, fruity, honey flavors and spicy taste. Some of them have roasted 
and bakery flavors (26). 
Ester is the largest group of flavors and a main contributor to Chinese liquors. (13). 
These compounds contain a carbonyl part adjacent to an ester link (R-COO-R’). They are 
generated from the secondary metabolic compounds of microorganisms or the chemical 
reactions between alcohols and acids (46). Esters provide floral, fruity, apple, banana, 
and pineapple flavors with low sensory thresholds (13, 26). For example, ethyl hexanote, 
ethyl acetate and ethyl lactate are the main compounds in the strong and light aroma type 
liquors (27). 
Aldehydes and ketones are the organic compounds with a carbonyl function group 
that is composed by a carbon atom connected with an oxygen in double bound (C=O). 
They are either from the degradations of unsaturated fatty acids or amino acids (13). 
These compounds often provide fruity, nutty, and floral flavors (26). Their chemical 
numbers and concentrations are less than those of esters or alcohols, but they have low 
thresholds making them easy to be smelled (13). The soy-sauce flavor liquor often 
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contains more kinds of ketones and aldehydes, which bring fresh and green flavor to the 
liquor (45). 
Although individual organic acid provides sweaty, rancid, cheesy flavors that is not 
very satisfied (27, 28), an appropriate amount of acids in liquor can enrich the types of 
flavors and cause a balance with other components (45). For instance, they are also the 
main ingredients for syntheses of esters during storage. Organic acids are produced by the  
bacteria in the fermentation materials and the pit mud during fermentation (49). 
Nitrogen-containing compounds, sulfur-containing compounds and aromatic 
compounds only account for a few amounts of all volatile compounds in liquor, but they 
are easy to be smelled due to their low thresholds (13, 26-28). These compounds often 
give sweaty, roasted, cooked onion, rubbery, sesame, almond and light cinnamon oil 
flavors with an after-taste flavor. (28). These compounds are considered to be generated 
from protein decomposition in Daqu (28).  
1.5 Extraction Techniques 
Extraction is an important step to isolate and concentrate the target flavor compounds 
from sample matrix. Common extraction methods for liquor flavors include solvent 
extraction and solvent free extraction, of which the selection mainly depends on the 
sample matrix and target compounds, as well as the extraction time, cost, temperature, 
reproductively and recovery (50). 
1.5.1 Liquid-Liquid Extraction 
Solvent extraction is the most commonly used method for flavor analysis (51). It is an 
isolation step to transfer flavor compounds from original sample matrix (either in liquid 
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or solid) to the added solvent which is immiscible with the original liquid phase, or 
separated from the solid phase (50). It includes many different extraction forms, such as 
soxhlet extraction, solid-phase extraction (SPE), simultaneous distillation and extraction 
(SDE), ultrasound-assisted extraction (UAE), liquid-liquid microextraction (LLME), 
supercritical fluid extraction (SFE) and so on (52). Since most of the flavor compounds 
are relatively non-polar, weak non-polar organic solvents, such as dichloromethane, are 
often used in solvent extraction for the benefit of their capacity to extract a wide range of 
flavors, although the solvents, in some cases, may possibly bring some non-volatile 
organic compounds at same time. (51).  
Solvent extraction may be interfered by some other solvents that may cause the 
emulsion so that the extraction solvent can not be separated from the sample matrix (53). 
On the other hand, in order to extract enough flavor compounds, LLE often requires a 
long time of extraction, huge amount of organic solvent, and complicated solvent 
evaporation process that are time and labor consuming, and not environmentally friendly 
(54). In addition, the extraction recovery and repeatability of LLE are often not 
guaranteed due to its complicated process, particularly for some compounds in trace 
amounts (55). In some cases, the extraction solvent may need to be heated in order to 
increase the extraction efficiency, which will either degrade the heat-sensitive flavor 
compounds or cause side chemical reactions to generate new flavors. (56).  
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1.5.2 Solvent Free Extraction 
1.5.2.1 Solid Phase Microextraction (SPME) 
Solid phase microextraction (SPME) is a one-step extraction method combining 
sample extraction, concentration, and introduction without solvent usage. This method 
was developed initially for analysis of trace compounds (57), although it is widely used 
for food, biological, and environmental analyses in regards of its extraction efficiency 
(55). The commonly used commercial fibers for SPME include DVB/CAR/PDMS 
(divinylbenzene/carboxen/polydimethylsiloxane), PA (polyacrylate), PDMS/DVB 
(polydimethylsiloxane/divinylbenzene), PDMS (polydimethylsiloxane), CW/DVB 
(carbowax-divinylbenzene), and CAR/PDMS (carboxen/polydimethylsiloxane), which 
have different polarities and sorption properties (57, 58). The PDMS fiber is the most 
commonly used fiber for nonpolar compounds extraction. On the contrary, PA is suitable 
for extraction of polar chemicals (55). PDMS/DVB and CAR/DVB fibers can extract 
more polar compounds such as ethers and alcohols, and CAR/PDMS has a greater 
extraction capacity for VOCs because it has a larger surface area than other fibers (52). It 
is worthy to be mentioned that the amount of compound extracted onto the fiber is 
independent to its concentration in sample with a non-linear relationship (55, 59). Besides, 
the adsorptive fibers (e.g., PDMS-DVB, CAR-DVB, and CAR) extract the analytes by 
affinity so that the compounds with stronger affinity will keep pushing compounds with 
weak affinity off the fiber (59). 
The SPME has two different ways for extraction, including the direct immersion 
SPME (DI-SPME) for non-volatile compound extraction, and headspace SPME (HS-
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SPME) for volatile compound extraction (55). Regarding the flavor analysis of Chinese 
liquors, the HS-SPME is considered a better way to extract the aromas (60) because the 
aromas distributed between the headspace and fiber are decided by the two equilibriums, 
i.e., the sample-headspace and headspace-fiber equilibrium for the volatile compounds 
that are dissolved in the water-ethanol matrix (59). Moreover, extraction temperature and 
time, the pH of sample matrix, ionic strength, polarity of analytes, fiber material, even the 
interrupted compounds in sample matrix will influence the extraction result (59). For 
instance, higher extraction temperature can help moving more high boiling point 
chemicals into headspace, so more semi-volatiles can be extracted by the fiber (55). 
Increasing the ion strength of sample matrix can facilitate the hydrophilic compounds to 
escape from solutions, although too much salts may form interactions between the salt 
ions and the hydrophilic chemicals that prevent flavor compounds going to the headspace 
(55). 
1.5.2.2 Stir Bar Solid Extraction (SBSE) 
Stir bar solid extraction (SBSE) is another form of SPME that covers the fiber 
material on a magnetic stir bar. It has the same extraction theory as SPME, but can desorb 
the flavors into GC’s injection port directly (61). SBSE has not only high sensitivity, high 
selectivity and well reproducibility of result, but also larger sample capacity (57). 
However, the PDMS coating material of SBSE has poor performance for extracting polar 
compounds (61). 
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1.6 Separation and Detection Techniques 
1.6.1 Gas Chromatography 
Gas chromatography (GC) is an analytical chromatography that is applied to separate 
and analyze heat-stable volatile compounds in gas phase from a sample mixture. 
Common volatile compounds that can be detected by GC include fragrance compounds, 
pesticide residues and some decomposed and/or derivatized non-volatile chemicals like 
fatty acids, amino acids, and sugars (62-64). The GC separation relies on the distribution 
difference of a chemical between a stationary phase (liquid or solid) and a mobile phase 
(gas) (65). The volatile chemicals are evaporated after injection and carried by carrier gas 
with dynamic equilibrium of distribution between the two phases where the mixture of 
chemicals is separated into individual compounds (66).  At the end of column, the eluted 
compounds were detected and transformed into electronic signals. Column length, 
stationary phase polarity, carrier gas type and flow rate, temperature and pressure will 
influence the separation efficiency. A longer column can theoretically provide a better 
resolution but it costs more time for chemical separation (67). In a few cases, two GC 
columns are connected together to build a two-dimensional GC with better resolution and 
selectivity (7, 67, 68). Combined with a mass spectrometer, the two-dimensional GC can 
become a three-dimensional chromatography that provides further information about 
analyte (68). There are two types of GC, i.e., gas-solid chromatography (GSC) and gas-
liquid chromatography (GLC) (66). The former is an adsorption method that has solid 
particles packed in a column, while the latter normally has a non-volatile liquid coated on 
the inner-surface of column to make a capillary column. (66). The smaller column 
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diameter (e.g., capillary column) results in higher separation efficiency. The polarity of 
coating material is chosen based on the sample polarity. 
The temperature program of GC, which depends on the sample complexity and the 
compounds’ boiling point, includes an isothermal mode (IGC) and a temperature-
programed mode (TPGC) (69). IGC has constant temperature, pressure and gas flow rate, 
which only fits for separation of simple sample components (69). In addition, IGC may 
causes unsymmetrical or broad peak band, and it is not able to separate all of the isomers 
(69). For a complex sample system, the TPGC is more used than IGC to guarantee the 
resolution and separation efficiency (69). Furthermore, TPGC provide a sharp and 
symmetric peak shape and it has better separation for homologous organic compounds 
(69). 
1.6.2 Detectors 
A detector is connected at the end of GC column to measure the compound that is 
separated by and eluted from GC. A high sensitive detector is expected to give a result 
with low signal-to-noise ratio. Commonly used GC detectors include flame ionization 
detector (FID), flame photometric detector (FPD), thermal conductivity detector (TCD), 
nitrogen-phosphorus detector (NPD), electron capture detector (ECD), and mass 
spectrometry (MS) (70). GC-Olfactometry (GC-O) uses the human’s nose as the detector 
for volatile compounds analysis. Sensitivity, resolution, signal-to-noise ratio and the 
sample properties are common factors for selecting a GC detector. 
FID is a widely used detector for organic compounds whose signal strength is 
proportional to the carbon number in the organic compound (71). A hydrogen-air flame 
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burns the organic compounds into ion pieces to produce current, which can be detected 
by an electrodes above the flame (72). A makeup gas is often blown into the FID to 
provide enough gas flow, so changing the GC gas flow rate has limited influence on FID. 
The advantages of FID include its high sensitivity, broad linear range of detection, and 
very low noise baseline (72). However, the sample is destroyed during the analysis and 
standard is required for compound identification. 
Mass spectrometry (MS) is another common detector used for GC. The sample 
molecule is ionized or broke into several structurally significant ion fragments that are 
then separated by their mass-to-charge ratio (m/z) to given the compound’s mass spectra 
(73). MS is composed by an inlet system, ion source, mass analyzer and detector (73). A 
high vacuum environment is required inside the MS for effective ionization and mass 
analysis.  
There are two kinds of ionization modes for MS. They are electron ionization (EI) 
and chemical ionization (CI). The EI uses high-energy electrons hitting the target 
compound directly to make positively charged ions, or often called ion fragments. The 
energy used for EI has to be high enough to fragment compound completely, and 
maintain the characteristic structures at the same time. On the other hand, if the electron 
energy of ion source is too high, the fragmented piece may cause extra intermolecular 
collision, which will result in more random fragments and poor reproducibility of result 
(73). The mass-to-charge ratio of molecular ions and fragment ions is detected to present 
a mass spectrum that contains both peak location and abundance. However, isomer’s 
separation is incapable for EI since the fragment structures are identical between isomers 
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(73). The CI is a soft ionization of sample compounds by the ionized gas. During the 
reaction, the reagent gas inside the ion source is ionized at first, and then hit on the 
sample molecule to create a cation or anion molecule that still keeps the original 
molecular weight, that means, there is no further fragmentation step of the molecular ions. 
The commonly used target gas of CI include methane, ammonia, and carbon oxide (73). 
In the EI mode, the peak of ionized molecule is often very small. On the contrary, the 
most abundant peak of CI is the ionized molecule. 
Common mass analyzers include quadruple, time-of-flight (TOF), ion trap, etc. The 
analyzer uses the changing magnetic field and electronic field to select the right mass 
ions into the detector (74). An ion with too large or too small mass will neither fly away 
nor hit on the analyzer. Only the ions with right mass will go through the tunnel of 
analyzer and then into the detector. For example, quadruples have four rods in cylindrical 
position, and each of the rods has a direct current added (74). When ion fragments go 
through the rods, the force from electric field will regulate their track to either go straight 
or change the direction. The ions that changed track direction by the electric filed will 
leave the quadruple or hit on the rods so that they are not able to reach the detector. 
Regarding the mass-to-charge ratio analysis, there are scan mode and selected ion 
monitoring (SIM) mode for MS. The former collects all ions of the sample to give a total 
ionization chromatograph (TIC) and mass spectrum for further quantitative and 
qualitative analysis. Mass spectrum indicates the mass-to-charge ratio of each ionized 
pieces with its abundance, which can be used to match with library for compound 
identification, and the peak area and height of ion fragments are useful for qualitative 
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analysis (73). Although some compounds may be co-eluted, they may be identified based 
on their characteristic ions. Due to its lower detection limits and more chemical structural 




1. McGovern, P.E., et al., Fermented Beverages of Pre- and Proto-Historic China. 
Proceedings of the National Academy of Sciences of the United States of America, 
2004. 101(51): p. 17593-17598. 
2. Vallee, B., Alcohol in the Western World. Scientific American, 1998. 278(6): p. 
80-85. 
3. Zheng, J., et al., Effects of Chinese Liquors on Cardiovascular Disease Risk 
Factors in Healthy Young Humans. The Scientific World Journal, 2012. 2012: p. 
9. 
4. Xia, X., History of Chinese Medicinal Wine. Chinese Journal of Integrative 
Medicine, 2013. 19(7): p. 549-555. 
5. Haw, S.G., Marco Polo's China: A Venetian in the Realm of Khubilai Khan. 2006, 
Routledge: New York. p. 149-151. 
6. Li, H., et al., Variations of Flavor Substances in Distillation Process of Chinese 
Luzhou-Flavor Liquor. Journal of Food Process Engineering, 2012. 35(2): p. 314-
334. 
7. Zhu, S., et al., Characterization of Flavor Compounds in Chinese Liquor Moutai 
by Comprehensive Two-Dimensional Gas Chromatography/Time-of-Flight Mass 
Spectrometry. Analytica Chimica Acta, 2007. 597(2): p. 340-348. 
8. Wu, X., et al., Characterization of Chinese Liquor Starter, “Daqu”, by Flavor 
Type with 1H NMR-Based Nontargeted Analysis. Journal of Agricultural and 
Food Chemistry, 2009. 57(23): p. 11354-11359. 
9. Wang, X., et al., A Review of Current Research and Application about Chinese 
Liquor Microorganisms. Liquor-Making Science & Technology, 2009. 6: p. 88-
91. 
  22 
10. Huang, Y., Huang, X., and Huang, P., Extreme Liquor-Making Environment & 
Extreme Liquor-making Microbes of Maotai Liquor. Liquor-Making Science & 
Technology, 2006. 12: p. 47-50. 
11. Chen, P., et al., Volatile Flavor Substances in Maotai-flavor Liquor and Their 
Formation Mechanisms. Food Science (China), 2013. 34(15): p. 403-408. 
12. Zhang, C., et al., Characterization of the Aroma-Active Compounds in Daqu: A 
Tradition Chinese Liquor Starter. European Food Research and Technology, 
2012. 234(1): p. 69-76. 
13. Xiao, Z., et al., Characterization of Aroma Compounds of Chinese Famous 
Liquors by Gas Chromatography-Mass Spectrometry and Flash GC Electronic-
Nose. Journal of Chromatography B, 2014. 945-946(0): p. 92-100. 
14. Zhang, C., et al., Characterization of Volatile Compounds from Daqu-A 
Traditional Chinese Liquor Fermentation Starter. International Journal of Food 
Science & Technology, 2011. 46(8): p. 1591-1599. 
15. Zheng, X., et al., Daqu-A Traditional Chinese Liquor Fermentation Starter. 
Journal of the Institute of Brewing, 2011. 117(1): p. 82-90. 
16. Yan, Z., et al., Monitoring the Ecology of Bacillus During Daqu Incubation, a 
Fermentation Starter, Using Culture-Dependent and Culture-Independent 
Methods. Journal of Microbiology and Biotechnology, 2013. 23(5): p. 614-622. 
17. Ao, Z., et al., Domestic Related Quality Standard of Daqu & Its Research 
Progress. Liquor-Making Science & Technology, 2010. 2: p. 104-108. 
18. Van-Diep, L., et al., Characterization of Fen-Daqu Through Multivariate 
Statistical Analysis of 1H NMR Spectroscopic Data. Journal of the Institute of 
Brewing, 2011. 117(4): p. 516-522. 
19. Zhang, W., et al., Combination of Newly Developed High Quality Fuqu with 
Traditional Daqu for Luzhou-Flavor Liquor Brewing. World Journal of 
Microbiology and Biotechnology, 2009. 25(10): p. 1721-1726. 
20. Li, X., et al., Bacterial and Fungal Diversity in the Starter Production Process of 
Fen Liquor, a Traditional Chinese Liquor. Journal of Microbiology, 2013. 51(4): 
p. 430-438. 
21. Zhang, X., Huang, P., and Jiang, Y., Starter-Making Industry Calling for Unified 
Daqu Quality Standards. Liquor-Making Science & Technology, 2005. 11: p. 25-
29. 
  23 
22. Wang, C., Shi, D., and Gong, G., Microorganisms in Daqu: A Starter Culture of 
Chinese Maotai-Flavor Liquor. World Journal of Microbiology and 
Biotechnology, 2008. 24(10): p. 2183-2190. 
23. Du, H. and Xu, Y., Determination of the Microbial Origin of Geosmin in Chinese 
Liquor. Journal of Agricultural and Food Chemistry, 2012. 60(9): p. 2288-2292. 
24. Yao, S., et al., Thermoactinomyces Daqus sp. nov., a Thermophilic Bacterium 
Isolated from High-Temperature Daqu. International Journal of Systematic and 
Evolutionary Microbiology, 2014. 64(Pt 1): p. 206-210. 
25. Wu, S., Zhang, Z., and Li, X., Current Research and Development Prospects of 
Daqu Microbes in the Production of Daqu Liquor. China Brewing, 2011. 5: p. 8-
12. 
26. Fan, W. and Qian, M.C., Headspace Solid Phase Microextraction and Gas 
Chromatography-Olfactometry Dilution Analysis of Young and Aged Chinese 
“Yanghe Daqu” Liquors. Journal of Agricultural and Food Chemistry, 2005. 
53(20): p. 7931-7938. 
27. Fan, W. and Qian, M.C., Characterization of Aroma Compounds of Chinese 
“Wuliangye” and “Jiannanchun” Liquors by Aroma Extract Dilution Analysis. 
Journal of Agricultural and Food Chemistry, 2006. 54(7): p. 2695-2704. 
28. Fan, W. and Qian, M.C., Identification of Aroma Compounds in Chinese ‘Yanghe 
Daqu’ Liquor by Normal Phase Chromatography Fractionation Followed by Gas 
Chromatography-Olfactometry. Flavour and Fragrance Journal, 2006. 21(2): p. 
333-342. 
29. Chen, X., et al., Experiment and Discussion on Effect of Liquor Flavor by Liquor-
Making Materials. Liquor Making, 2008. 35(1): p. 19-22. 
30. Shen, Y., The Main Factors Influencing the Formation of Liquor Flavor. Liquor-
Making Science & Technology, 2005. 11: p. 30-34. 
31. Du, H., Fan, W., and Xu, Y., Characterization of Geosmin as Source of Earthy 
Odor in Different Aroma Type Chinese Liquors. Journal of Agricultural and Food 
Chemistry, 2011. 59(15): p. 8331-8337. 
32. Shi, S., et al., Analysis of the fungi community in multiple- and single-grains 
Zaopei from a Luzhou-flavor liquor distillery in western China. World Journal of 
Microbiology and Biotechnology, 2011. 27(8): p. 1869-1874. 
33. Chen, H., Modern Solid State Fermentation. 2013: Springer Netherlands. 1-21. 
  24 
34. Zhang, R., Wu, Q., and Xu, Y., Aroma Characteristics of Moutai-Flavour Liquor 
Produced with Bacillus Licheniformis by Solid-State Fermentation. Letters in 
Applied Microbiology, 2013. 57(1): p. 11-18. 
35. Zhang, W., et al., Analysis of the Fungal Community in Zaopei During the 
Production of Chinese Luzhou-flavour Liquor. Journal of the Institute of Brewing, 
2007. 113(1): p. 21-27. 
36. Wang, H., et al., Analysis and Comparison of the Bacterial Community in 
Fermented Grains during the Fermentation for Two Different Styles of Chinese 
Liquor. Journal of Industrial Microbiology & Biotechnology, 2008. 35(6): p. 603-
609. 
37. Xiu, L., Kunliang, G., and Hongxun, Z., Determination of Microbial Diversity in 
Daqu, a Fermentation Starter Culture of Maotai Liquor, Using Nested PCR-
Denaturing Gradient Gel Electrophoresis. World Journal of Microbiology and 
Biotechnology, 2012. 28(6): p. 2375-2381. 
38. Zhang, J., et al., Research Advance in Actinobacterial in Traditional Liquor Solid 
Fermentation Process. Liquor-Making Science & Technology, 2013. 10: p. 73-79. 
39. Li, H., et al., Optimization of the Distillation Process of Chinese Liquor by 
Comprehensive Experimental Investigation. Food and Bioproducts Processing, 
2012. 90(3): p. 392-398. 
40. Viriot, C., et al., Ellagitannins and Lignins in Aging of Spirits in Oak Barrels. 
Journal of Agricultural and Food Chemistry, 1993. 41(11): p. 1872-1879. 
41. Wang, L., Study on Factors Influencing the Fusel Oil in Liquor of by Solid 
Fermentation, 2006, Hebei Agricultural University. 
42. Zhao, S., et al., Study on Furans in the Fermented Grains of Sauce-Flavor Liquor. 
China Brewing, 2008. 21: p. 10-13. 
43. Wu, Q. and Xu, Y., Transcriptome Profiling of Heat-Resistant Strain Bacillus 
licheniformis CGMCC3962 Producing Maotai Flavor. Journal of Agricultural 
and Food Chemistry, 2012. 60(8): p. 2033-2038. 
44. Yin, L., et al., Analysis of Trace Components of Tailing Liquor and Low-quality 
Base Liquor of Nong-flavor Daqu by Capillary Column Gas Chromatography. 
Liquor-Making Science & Technology, 2013. 4: p. 95-98, 119. 
45. Li, W., Flavor and Flavor Styles of Liquor. Liquor Making, 2007. 34(2): p. 5-7. 
  25 
46. Shen, Y., Study on the Formation Mechanism of Four Main Kinds of Ethyl Esters 
in the Fermentation of Liquors. Liquor-Making Science & Technology, 2003. 5: p. 
28-31. 
47. Xu, D., et al., Analysis of the Advantage of Fen-flavor Liquor Making in Luzhou, 
China Liquor City. Liquor Making, 2009. 36(6): p. 10-12. 
48. Gao, H.Y., et al., Protective Effect of Zhuyeqing Liquor, A Chinese Traditional 
Health Liquor, on Acute Alcohol-Induced Liver Injury in Mice. Journal of 
Inflammation, 2013. 10(1): p. 30-38. 
49. Yue, Y., et al., Design and Operation of an Artificial Pit for the Fermentation of 
Chinese Liquor. Journal of the Institute of Brewing, 2007. 113(4): p. 374-380. 
50. Jones, G., Extraction and Identification of Volatile Constituents of Oplopanax 
Horridus, 2012, Clemson Univeristy. 
51. Zhou, Y., Riesen, R., and Gilpin, C.S., Comparison of Amberlite XAD-2/Freon 11 
Extraction with Liquid/Liquid Extraction for the Determination of Wine Flavor 
Components. Journal of Agricultural and Food Chemistry, 1996. 44(3): p. 818-
822. 
52. Castro, R., et al., Application of Solid Phase Extraction Techniques to Analyse 
Volatile Compounds in Wines and other Enological Products. European Food 
Research and Technology, 2008. 228(1): p. 1-18. 
53. Treybal, R.E., Liquid Extraction. McGraw-Hill series in chemical engineering. 
1963, New York: McGraw-Hill. 621 p. 
54. Pino, J.A. and Fajardo, M., Volatile composition and key flavour compounds of 
spirits from unifloral honeys. International Journal of Food Science & 
Technology, 2011. 46(5): p. 994-1000. 
55. Vas, G. and Vékey, K., Solid-Phase Microextraction: a Powerful Sample 
Preparation Tool Prior to Mass Spectrometric analysis. Journal of Mass 
Spectrometry, 2004. 39(3): p. 233-254. 
56. Barra, A., et al., Chemical Analysis of French Beans (Phaseolus vulgaris L.) by 
Headspace Solid Phase Microextraction (HS-SPME) and Simultaneous 
Distillation/Extraction (SDE). Food Chemistry, 2007. 101(3): p. 1279-1284. 
57. Demyttenaere, J.C.R., et al., Flavour Analysis of Greek White Wine by Solid-
Phase Microextraction-Capillary Gas Chromatography-Mass Spectrometry. 
Journal of Chromatography A, 2003. 985(1-2): p. 233-246. 
  26 
58. Roberts, D.D., Pollien, P., and Milo, C., Solid-Phase Microextraction Method 
Development for Headspace Analysis of Volatile Flavor Compounds. Journal of 
Agricultural and Food Chemistry, 2000. 48(6): p. 2430-2437. 
59. Câmara, J.S., Alves, M.A., and Marques, J.C., Development of Headspace Solid-
Phase Microextraction-gas Chromatography–Mass Spectrometry Methodology 
for Analysis of Terpenoids in Madeira Wines. Analytica Chimica Acta, 2006. 
555(2): p. 191-200. 
60. Gómez-Ariza, J.L., et al., Use of Multiple Headspace Solid-Phase 
Microextraction and Pervaporation for the Determination of Off-Flavours in 
Wine. Journal of Chromatography A, 2006. 1112(1-2): p. 133-140. 
61. Abdulra’uf, L. and Tan, G., Review of SBSE Technique for the Analysis of 
Pesticide Residues in Fruits and Vegetables. Chromatographia, 2014. 77(1-2): p. 
15-24. 
62. Christie, W., Gas Chromatography-Mass Spectrometry Methods for Structural 
Analysis of Fatty Acids. Lipids, 1998. 33(4): p. 343-353. 
63. Tan, G.-Y.A., et al., Enhanced Gas Chromatography-Mass Spectrometry Method 
for Bacterial Polyhydroxyalkanoates Analysis. Journal of Bioscience and 
Bioengineering, 2014. 117(3): p. 379-382. 
64. Zhang, X. and Amelung, W., Gas Chromatographic Determination of Muramic 
Acid, Glucosamine, Mannosamine, and Galactosamine in Soils. Soil Biology and 
Biochemistry, 1996. 28(9): p. 1201-1206. 
65. Grob, R.L. and Barry, E.F., Modern Practice of Gas Chromatography. 2004: John 
Wiley & Sons. 
66. Holley, K., Pennington, M., and Phillips, P., Gas Chromatography in Food 
Analysis: An Introduction. Nutrition & Food Science, 1995. 95(5): p. 10-12. 
67. Mondello, L., et al., Comprehensive Two-Dimensional Gas Chromatography-
Mass Spectrometry: A Review. Mass Spectrometry Reviews, 2008. 27(2): p. 101-
124. 
68. Cortes, H.J., et al., Comprehensive Two Dimensional Gas Chromatography 
Review. Journal of Separation Science, 2009. 32(5-6): p. 883-904. 
69. Peng, C.T., Prediction of Retention Indices. VI: Isothermal and Temperature-
Programmed Retention Indices, Methylene Value, Functionality Constant, 
Electronic and Steric Effects. Journal of Chromatography A, 2010. 1217(23): p. 
3683-3694. 
  27 
70. Jennings, W., Qualitative Analysis of Flavor and Fragrance Volatiles by Glass 
Capillary Gas Chromatography. 1980: Elsevier. 
71. Jorgensen, A.D., Picel, K.C., and Stamoudis, V.C., Prediction of Gas 
Chromatography Flame Ionization Detector Response Factors from Molecular 
Structures. Analytical Chemistry, 1990. 62(7): p. 683-689. 
72. Holm, T., Aspects of the Mechanism of the Flame Ionization Detector. Journal of 
Chromatography A, 1999. 842(1): p. 221-227. 
73. Oehme, M., Practical Introduction to GC-MS Analysis with Quadrupoles. 1998: 
Hüthig Verlag. 
74. Glish, G.L. and Vachet, R.W., The Basics of Mass Spectrometry in the Twenty-







II. METHOD OPTIMIZATION OF EXTRACTING VOLATILE COMPOUNDS 
IN CHINESE LIQUOR-GUJING BY HEADSPACE SOLID-PHASE 
MICROEXTRACTION (HS-SPME) 
Abstract 
Headspace solid-phase microextraction (HS-SPME) is a fast, clean and simple 
extraction technique that is widely used for extraction of flavors and volatile compounds 
in alcoholic beverages. Its combination with gas chromatography-mass spectrometry 
(GC-MS) provides a rapid and sensitive detective method for volatile chemical analysis, 
although the extraction result is influenced by many parameters such as extraction 
temperature, time, ion strength, sample matrix, etc. Thus, a method optimization is 
required to get the maximal extraction efficiency. A polydimethylsiloxane (PDMS) fiber 
with a coating thickness of 100 µm was used to find the optimal HS-SPME extraction 
parameters for volatile extraction of 5% v/v diluted Chinese liquor-Gujing. Four 
extraction time (10, 30, 60 and 90 minutes), three extraction temperatures (25, 40 and 
50°C) and salt saturation or not were analyzed. The identification of volatile compounds 
was based on their Kovat’s index and mass spectrum. Total ion chromatogram (TIC) and 
ten volatiles were chosen to compare the changing patterns of the extracted aromas 
through the ANOVA and Tukey W test. The liquor solution was saturated by sodium 
chloride. After 30 minutes equilibrium in 40°C water bath, the PDMS fiber was used to 
extract the volatiles for 60 minutes at 40°C. This experimental condition could extract 
most volatiles without overlapping of the chromatographic peaks for GC-MS 
identification. 
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2.1 Introduction 
Chinese liquor is a historical and traditional distilled alcoholic beverage in China. It 
consists of 98% of water/ethanol and 2% of volatile compounds (1), the latter determine 
the characteristic aromas of Chinses liquors, which are significantly influenced by 
manufacturing recipes and regional environmental conditions. Chinese liquors are 
categorized into 4 major fragrant types, which are the soy-sauce fragrance, strong-aroma 
fragrance, light-aroma fragrance and other miscellaneous fragrance (2, 3). Each type has 
its own special flavor that can be easily recognized and differentiated by smell. Gujing 
liquor belongs to the strong aroma liquor that is made in a small town of Bozhou, Anhui, 
China, where the local high quality underground water and environmental moisture 
provide the perfect condition of liquor brewing. Besides, the ancient pit mud is still being 
used to keep and obtain the original microorganisms for culture fermentation, while the 
traditional manufacturing procedure is still adopted to secure the original quality and 
flavor of the liquor. The characteristics of strong-aroma liquor relies on its extra high 
concentration of ethyl hexanoate that provides a strong fruity flavor to liquor (4). Since 
Gujing liquor has barely been studied before, it is time to analyze its flavors because 
characterizing volatiles of a Chinese liquor is the first step for further product develop or 
quality control. 
Headspace solid-phase microextraction is a more and more popular technique used 
for volatile compound extraction. It is a solvent-free, fast and simple method that 
combines the extraction and concentration steps at the same time (5). 
Polydimethylsiloxane (PDMS) fiber has been commonly used to absorb volatile 
  30 
compounds although its absorption is affected by many factors (6). For example, after the 
absorption equilibrium, increasing the extraction time will not change the analyte 
distribution on the fiber. Therefore, the purpose of this research was to find out an 
optimal condition for volatile extraction and analysis of Chinese liquor-Gujing. More 
specifically, optimization of HS-SPME extraction was to [1] increase the efficiency of 
extraction method; [2] control and reduce the extraction amount of ethyl hexanoate and 
ethanol; [3] facilitate the chemical identification of liquor aromas. 
2.2 Methods and Materials 
2.2.1. Sample 
One of the commercial liquors, i.e., “26 Years Gujing Liquor” (50% v/v), was 
purchased on June 15th 2013 at Gujing Liquor Co., Ltd. (Bozhou, Anhui, China), and 
shipped to Dr Feng Chen’s Food Analysis Laboratory of Clemson University (Clemson, 
SC, USA). The liquor sample was kept at room temperature (25°C) during transportation 
and in the laboratory until analysis. 
2.2.2. Materials 
A manual holder of SPME and a 24 gauge 100 µm PDMS fiber were purchased from 
Supelco Inc. (Bellefonte, PA, USA). Glass vials in volume of 3.7 mL and their caps with 
polytetrafluoroethylene (PTFE)/silicone septa were purchased from the same company 
mentioned above. Certified A.C.S grade acetone and a model 205 static water bath were 
purchased from Fisher Scientific company (Norcross, GA, USA). Alkane standards (C8-
C20) and sodium chloride (>99.5% purity) were purchased from Sigma-Aldrich (St. 
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Louis, MO, USA). A Millipore Synergy UV system (Millipore Billerica, MA, USA) was 
used to produce purified water for sample dilution. 
2.2.3. Headspace Solid Phase Microextraction (HS-SPME) 
The optimization of HS-SPME extraction method was performed according to the 
previous literatures (2, 7, 8), and the parameters of extraction temperature (25, 40 and 
50°C), extraction time (10, 30, 60 and 90 minutes) and ion strength (without NaCl or 
saturated) were tested to get the optimal condition for volatile extraction. Before the 
extraction, the PDMS fiber was conditioned in a baking injector at 250°C for 30 minutes. 
The liquor sample with 50% v/v ethanol concentration was diluted to 5% v/v by distilled 
water and then saturated by sodium chloride. The sample vial was capped immediately 
after 2.7 mL diluted sample was transferred into the 3.7 mL sample vial. The sealed vial 
was held and immerged into the 40°C water bath and equilibrated for 30 minutes. The 
holder helps the sample vial maintaining the same depth in the water, so that both sample 
and the headspace were under the same temperature during extraction. After the 
equilibration, the SPME fiber was introduced into the vial and fully extended so that the 
fiber tip was exposed in the headspace at 1 mm above the aqueous surface. The SPME 
manual holder was held by a metal clamp to keep its 10 mm fiber exposed in a vertical 
and stable position in the headspace of sample vial during extraction, which lasted 60 
minutes to get the desirable intensity of the volatile analytes. Then, the fiber was injected 
into the GC injection port immediately when the GC temperature program started at the 
same time to desorb the analytes for 3 minutes. After the chemical desorption, the SPME 
fiber was thermally baked (or cleaned) for another 10 minutes to remove any chemical 
  32 
residual on the fiber. Extraction efficiency was determined by total ion chromatogram 
(TIC), amount of identified compounds, and single peak area of major compounds. All 
the extraction procedures were performed in triplicate to reduce the variance of retention 
time, detector response, column separation and individual compound concentration. 
2.2.4. Identification 
For identification of volatile compounds, a Shimadzu GC-17A Gas Chromatograph 
(GC) coupled to a QP5050A Mass Spectrometer (MS) (Shimadzu, Kyoto, Japan) was 
used for analysis. A DB-5 (5% phenyl, 95% methylsilicone) capillary column (60 m × 
0.26 mm ID × 0.25 µm film thickness) that was purchased from Agilent J&W (Santa 
Clara, CA, USA) was installed in the GC oven. The GC injection port was equipped with 
a 0.75 mm diameter Restek SPME liner (Bellefonte, PA, USA), and maintained at 250°C 
with a splitless mode. This narrow, un-packed liner prevented peak broadening since it 
had an increased linear gas flow (9). The flow rate of carrier gas (ultra-high purity helium, 
99.999%) was controlled at 1.0 mL/min. A temperature program of GC was set for 
chemical separation. The oven temperature initially started at 35°C for 5 minutes and 
then ramped to 80°C at 5°C/min for another 5 minutes, then increased to 115°C at 
1°C/min for 3 minutes. Thereafter, the temperature increased at the rate of 4°C/min to 
160°C for 1 minute, and finally reached 300°C at 20°C/min for 5 minutes. The mass 
spectrometer that was equipped with a quadrupole mass analyzer was operated in an 
electron impact (EI) ionization mode with ion energy of 70eV. A scan mode was used 
from 1 to 81 minutes with 0.3 seconds interval when the recorded mass range of ion 
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fragments was from 40-350 m/z. Both the GC injection port and MS interface were 
maintained at 250°C. 
Identification of volatile compounds was based on: [1] the comparison of mass 
spectra between the identified compound and the compounds in the following libraries: 
NIST 08 library (National Institute of Standards and Technology, Gaithersburg, MD, 
USA), Wiley 7 (Wiley, Hoboken, NJ, USA) and Shimadzu Terpene and Terpenoid 
Library (Shimadzu, Kyoto, Japan). Some compounds were temporarily “identified” if 
their mass spectra had a 90% or higher similarity with those in the libraries; [2] the 
temperature-programed Kovat’s retention indices (KRI) calculated from the external 
standard of n-alkanes (C8-C20). The retention time of a single peak in the total ion 
chromatogram (TIC) and the Van den Dool’s equation I = 100z+ 100 !!!!!!!!!!!!, where 
Tz<Ti<Tz+1, were used for the KRI calculation. For Van den Dool’s equation, Ti was the 
retention time of analyte; Tz and Tz+1 were the retention times of the n-alkanes eluted just 
before and after the analyte, respectively (10, 11). The GC temperature program used for 
separation of n-alkane standard was as same as that for the sample. Primary identification 
was compared to the calculated KRI values with those reported in literatures. The 
compounds that were eluted before heptane (KRI<700) were only identified based on 
their mass spectra. 
2.2.5. Statistic Analysis 
The detector’s response area of TIC and 10 individual compounds were used for 
statistic analysis. For the HS-SPME method optimization, analysis of variance (ANOVA), 
Tukey’s W test and paired t-test were calculated using the JMP (John’s Macintosh 
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Program) (SAS Institute, Cary, NC, USA) with a significance level of α=0.05. Four 
groups of extraction time were tested regarding the parameter of time. The variance of 
four means was compared by analysis of variance (ANOVA) using an F-test for statistic 
difference. There was no significant difference between those means, when the p-value of 
F-test was larger than 0.05. Otherwise, there was a significant difference with the p-value 
less than 0.05. If the F-test result of ANOVA showed significant differences between the 
four means, a further multiple comparison of Tukey’s W test was conducted to confirm 
the significant difference of paired means at the p-value of 0.05. For the mean values of 
the parameter of extraction temperature, the same procedure of ANOVA and Tukey’s W 
test that were used to test the difference as that mentioned above. To test the effect of ion 
strength on extraction efficiency, the salt saturated group and no-salt added (or salt-zero) 
group were compared by using the paired t-test. If the p-value was smaller than 0.05, 
there was a significant difference between the saturated and no-salt conditions.  
2.3 Result and Discussion 
2.3.1. Method Optimization 
The HS-SPME extraction condition was optimized to extract the most abundant 
volatile compounds from the Chinese liquor while maintaining time efficiency. 
Extraction time and temperature, and ion strength were considered in method 
optimization. The sample in all experiments was equilibrated for 30 minutes under 
different extraction temperatures in order to let volatiles have a static balance between the 
headspace and liquor. The detector responses of total ion chromatogram (TIC) and ten 
selected single compounds were used for method optimization, for which a 100 µm 
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PDMS SPME fiber was used. Ethyl hexanoate was the compound that exhibited the 
largest concentration that accounted for 71.16% of the total ion response. However, its 
aroma could not represent other all volatile compounds, and its concentration was too 
high to cause a huge variance of statistical analysis, so the selection of volatile 
compounds started from the compound with the second highest concentration and down 
below. The volatile compound was considered an important compound if its relative peak 
area was larger than 0.1% of TIC.  
The major volatile chemicals of the Gujing liquor include esters, alcohols, ketones, 
aldehydes, acids, sulfides, and aromatic compounds (7), which were eluted from 5.27 to 
63.98 minutes. Since esters are considered the most important contributor of the liquor 
flavor, six esters were chosen to explore the extraction efficiency under different 
extraction conditions. These six esters were ethyl butanoate, ethyl pentanoate, ethyl 
heptanoate, ethyl octanoate, and ethylphenyl propanoate, of which the retention times 
were 5.41, 11.69, 15.96, 30.90, 41.52, and 59.65 minutes, respectively. These esters were 
almost evenly distributed within the chromatographic elution, corresponding to their 
molecular weights from low to high. Therefore, these esters were able to represent the 
changing pattern of the rest esters in the liquor during method optimization. Although 
other types of compounds were not the major liquor volatiles, some of them, i.e., 
isopentanal (aldehyde), 1-hexanol (alcohol), 2-nonanone (ketone), and hexanoic 
anhydride (anhydride), were also chosen and analyzed for method optimization. 
2.3.1.1.Effect of Ethanol Content on SPME Extraction 
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Concentration of ethanol in the sample is critical for the SPME extraction because 
more ethanol enters the SPME fiber, less other volatiles will be absorbed by the fiber, 
which will reduce the extraction efficiency of SPME (7). On the other hand, a tailing 
peak of ethanol in the GC column would cause a negative impact on the separation of 
subsequent peaks (12). A low ethanol content also helps the evaporation of ethanol-
soluble volatiles into the headspace (13). Therefore, the sample liquor was diluted to 5% 
(v/v) in order to reduce the ethanol interference, although dilutions of liquors around 10-
14% (v/v) were reported for flavor analyses (7, 8, 12, 13). In fact, the ethanol in this 
diluted sample still had a 4.4% of peak area of TIC, which was higher than that of all the 
other volatiles, except the ethyl hexanoate. Pfannkoch et al reported a reducing recovery 
of C4-C10 methyl esters when changing the aqueous phase from water to 10% ethanol 
solution (14). Camara et al tested volatile extraction under four ethanol contents (0-18% 
v/v) of wine, and found a decreasing extraction yield of terpenoids and polar volatiles 
(15). Other studies also demonstrated that high ethanol concentration reduced both the 
absorption of the fruity volatiles by SPME and their sensory scores (16, 17). Therefore, a 
low content of ethanol in the aqueous sample was necessary for efficient extraction of 
other volatiles.  
2.3.1.2.Effect of Temperature on SPME Extraction 
Temperature could strongly influence the extraction efficiency and composition of the 
extracted volatile chemicals between aqueous, headspace and fiber of HS-SPME. High 
temperature normally could increase the diffusion coefficients and reduce the equilibrium 
time (18). Based on the previous reports (5, 8, 19) and my preliminary test, the extraction 
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temperatures (25, 40 and 50°C) were evaluated at a fixed sample equilibration for 30 
minutes and an extraction time for 60 minutes under saturated salt. The peak area of total 
ion chromatogram (TIC) and selected volatile compounds were measured to evaluate the 
extraction efficiency under different temperatures. 
Along with the increasing extraction temperature, the TIC area increased and reached 
its maximum value at 50°C (Fig. 2.2). The p-value of ANOVA test for TIC under three 
temperatures was smaller than 0.05 (p-value=0.0111). There was a significant increase of 
TIC from 25 to 50°C (Tukey test, p-value=0.0092), but there was no significant 
improvement for the overall extraction efficiency from 25 to 40°C, or 40 to 50°C,  
(Tukey test, both p=value>0.05). At 40°C the SPME fiber did not extract the largest 
amount of volatile chemicals, but it had the lowest standard deviation, which meant the 
best reproducibility. Since the extraction temperature of 25°C neither showed higher 
amount of extracted volatiles nor better extraction reproducibility, it was excluded from 
further consideration for method optimization. 
Increasing the extraction temperature will affect different volatile chemicals on 
different ways. When temperature increased, the detected concentration of ethanol 
increased because higher temperature helped more ethanol molecules evaporated into 
headspace. In contrast, there was no statistic difference for ethyl hexanoate at 3 
temperatures, although it had the highest concentration at 50°C. In concern of too high 
concentrations of ethanol and ethyl hexanoate that can interfere the analysis of other 
volatile chemicals, it is better to select a relatively low temperature to minimize the 
extraction of ethyl hexanoate and ethanol by the PDMS fiber. 
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For esters, the largest amounts of ethyl acetate and ethyl octanoate were extracted by 
the fiber at the highest temperature (i.e., 50°C), but there were no significant increases 
from 40°C to 50°C (Tukey test, both p-value>0.05). By contrast, other four esters (i.e., 
ethyl butanoate, ethyl pentanoate, ethyl heptanoate, and ethylphenyl propanoate) had 
their maximal values at 40°C (Fig 2.3, Table 2.1). Rodrı́guez-Bencomo et al observed a 
similar phenomenon that higher temperature might reduce the extraction efficiency of 
some volatiles by SPME (19). In this context, an appropriate temperature for the PDMS 
fiber for ester extraction was 40°C. 
Other chemicals, including isopentanal, 1-hexanol, 2-nonanone, and hexanoaic 
anhydride, showed different changing profiles when the extraction temperature increased 
(Fig. 2.4). All four compounds had significantly increased concentrations from 25 to 
40°C (Tab. 3.2), then decreased from 40 to 50°C. Particularly, the concentrations of 1-
hexanol and 2-nonanone were significantly reduced when the extraction temperature 
achieved to 50°C (Tukey test, p-value=0.0470 and 0.0114, respectively). In consideration 
of the extraction efficiency of all volatile chemicals, an appropriate temperature for the 
PDMS fiber was selected at 40°C. 
In addition, a total amount of 47 volatile compounds were identified from three 
groups. Among them, 68% of the volatiles had their maximal values at 40°C, while the 
rest 32% volatiles had their maximum absorption level at 50°C. At room temperature 
(25°C), the extraction efficiency of the fiber was not satisfied. For example, some 
volatiles such as 2-pentanone and 2-pentanol were not able to be detected. In addition, 
low temperature required a quite long time to get the extraction equilibrium (6). It 
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seemed that the room temperature (25°C) was not high enough to break the aqueous-
headspace barrier for most of volatiles (20). Higher temperature helped to evaporate more 
volatiles into the headspace so that they are more easily to be absorbed by the fiber. 
However, the total amount of the extracted volatiles decreased when the extraction 
temperature was further increased to 50°C, especially for those high volatile compounds, 
since high temperature let them easily desorbed from the fiber (21). Pawliszyn and Lord 
reported a similar result of the methamphetamine extraction by the PDMS fiber (6). 
Nevertheless, the advantage of high extraction temperature is obvious that it could 
shorten the equilibration time. During the study of optimization of SPME for extraction 
of beer volatiles, Saison et al found that many volatiles were less extracted at higher 
temperatures due to their lower partition coefficients at higher temperatures (22), in 
addition to the interference of high concentrations of ethanol and ethyl haxanoate in 
headspace at 50°C. Since the peak area of ethyl hexanoate accounted for over 70% of 
TIC, its change would remarkably change the amounts of other volatiles. Regarding all 
the combined factors mentioned above, 40°C was considered an appropriate for the 
PDMS fiber to extract volatiles from Gujing liquor. 
2.3.1.3.Effect of Time on PDMS Extraction 
Extraction time was another important parameter that could significantly affect the 
efficiency of extraction. At the same experimental condition mentioned above (i.e., 100 
µm PDMS fiber, equilibrated at 40°C for 30 minutes, 2.7 mL of the Gujing liquor (5% 
v/v) saturated by sodium chloride), effect of different absorption time, i.e., 10, 30, 60 and 
90 minutes, on the peak areas of the total ion chromatogram (TIC) and selected volatile 
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compounds was evaluated for each extraction time in triplicate (Fig. 2.5), which was also 
statistically analyzed by ANOVA F-test and Tukey W test (Table. 2.2). The result 
showed that the TIC increased significantly (ANOVA, p-value<0.0001) along with the 
increase of extraction time, possibly due to the longer extraction time to allow more 
compounds absorbed on the fiber until reaching the equilibrium. In more detail, when the 
extraction time increased from 10 to 30 minutes, there is no significant change (Tukey 
test, p-value>0.05). On a contrary, there was a significant increase of the TIC (Tukey test, 
p-value=0.004) when the extraction time increased from 30 to 60 minutes. However, 
there was not a significantly improved extraction efficiency during 60 to 90 minutes 
(Tukey test, p-value>0.05). Besides, ethanol showed a significant absorption increase 
from 30 to 60 minutes (Tukey test, p-value=0.0012), while the ethyl hexanoate reached 
its maximal absorption at the 90 minute. 
In regards of the reproducibility of chromatographic measurements under the four 
extraction times, the smallest standard deviation was observed at 60 minutes, followed by 
30, 10, and 90 minutes. Based on the above result, either a 60 minute or 90 minute 
seemed to be suitable for volatile compounds extraction. 
Ethyl acetate, the shortest fatty acid ester of the selected esters, achieved its maximal 
value at 60 minute (Fig. 2.6), but there was no significant difference of the absorptive 
values along with the increasing time (Table 2.2). In contrast, concentrations of the rest 
esters with longer chains kept increasing until the 90 minute. Ethyl butanoate, ethyl 
pentanoate, and ethyl heptanote had significantly increased absorption from 30 to 60 
minutes (Tukey test, p-value=0.0029, 0.0013, and 0.0075, respectively), but all of them 
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and ethyl octanote had no further significant increases thereafter. Ethylphenyl propanoate 
was the only ester that showed a significantly increased amount from 60 to 90 minutes 
(Tukey test, p-value=0.0037).  
The other compounds exhibited variable changes along with the increasing time of 
extraction (Fig. 2.7 and Table 2.2). As a small molecule, isopentanal showed a similar 
changing pattern as ethyl acetate that reached its maximum at the 60 minute. 1-Hexanol 
had its lowest absorption at 30 minute rather than 10 minute, then its concentration 
reached the maximum at the 60 minute. 2-Nonanone and hexanoic anhydride had their 
maximal absorption at the 90 minute (Tukey test, p-value=0.0254 and 0.0016, 
respectively). 
Although the PDMS fiber is designed to be more suitable for absorbing non-polar 
analytes, it can be used to extract polar compounds with some careful adjustment of the 
extraction parameters (23). Short chain esters were subject to lost their concentrations, 
while long chain esters often obtained increased concentrations when the extraction time 
increased (8, 24). On the other hand, high volatile compounds were less affected by the 
extraction time while the low volatile compounds often required longer time to reach the 
absorption equilibrium (25). Also, it is worthy of mention that keeping increase of the 
extraction time will not only waste time, but also overload or reduce part of the high 
volatiles. Since the major volatile chemicals of the sample liquor were small molecules, a 
long extraction time, for example, more than 90 minutes, was not necessary. Therefore, in 
this study, 60 minute was considered appropriate to extract substantial analytes with a 
relatively stable absorption. 
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2.3.1.4.Effect of Salt Concentration (NaCl) on Extraction 
The effect of salt on improving the evaporation of volatile compounds from solution 
to headspace has been known for a long time (26). Many salt could reduce the solubility 
of hydrophobic chemicals and change the property of aqueous-headspace boundary (27). 
Since most volatile chemicals have less than 9 carbons (26), only those volatile chemicals 
that were eluted before ethyl hexanoate (C8H16O2) were determined to evaluate the 
influence of salt on the SPME extraction. Sodium chloride was chosen since it was 
widely used with the stable solubility regardless of the temperature change. A 5% v/v 
diluted liquor sample was equilibrated at 40ºC for 30 minutes, then extracted by the 
PMDS fiber for 60 minutes, under two conditions either without salt or at the saturated 
salt. 
The small molecular weight volatiles, especially the alcohols, were barely extracted 
by the PDMS fiber without adding salt in the solution. For example, only 17 compounds 
were identified, including two aldehydes and two alcohols. On a contrary, the extraction 
of alcohols was significantly improved after the salt was added. 32 compounds were 
extracted from the saturated sample, including 7 alcohols, 3 aldehydes, 1 ketone, 1 
aromatic compound and some esters. In addition, the TIC of non-saturated sample was 
only 60.72% of that of the saturated counterpart (Fig. 2.1) (paired t-test, p-value<0.0001). 
Also, the peak areas of semi-volatile esters were lower than those from the saturated 
sample. Therefore, the sample will be salt saturated in the future for extraction. 
2.4 Conclusion 
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The optimal condition of the HS-SPME extraction was explored for extraction of 
volatile chemicals of the Gujing liquor in light of the following parameters, including the 
ethanol content, salt saturation, extraction temperature and time. An optimized extraction 
condition was suggested to use a salt saturated, 5% (v/v) diluted Gujing liquor to extract 
volatile chemicals at 40°C for 60 minutes by the 100 µm PDMS fiber, based on a 
comprehensive consideration about the extraction efficiency for extraction of most 
volatiles, the control of the interfering compounds (i.e., ethanol and ethyl hexanoate), 
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2.5 Tables and Figures 
Table 2.1 Statistic analysis of effect of the HS-SPME extraction temperature on 
extraction of volatile chemicals from the liquor by the ANOVA F-test and Tukey W test 
Compounds ANOVA p-valuea 
Tukey W test p-valuea 
25!40°C 25!50°C 40!50°C 
TIC 0.0111 0.0930 0.0092 0.1972 
Ethyl acetate 0.0018 0.0143 0.0016 0.1250 
Ethyl butanoate 0.0012 0.0014 0.5836 0.0034 
Ethyl pentanoate 0.0004 0.0004 0.2016 0.0018 
Ethyl heptanoate 0.0001 0.0002 0.0003 0.7367 
Ethyl octanoate <.0001 0.0001 <.0001 0.0939 
Ethylphenyl propanoate <.0001 <.0001 0.0003 0.0357 
Isopentanal 0.0003 0.0005 0.0006 0.9305 
1-Hexanol 0.0320 0.0480 0.9998 0.0470 
2-Nonanone <.0001 <.0001 0.0012 0.0115 
Hexanoic anhydride <.0001 <.0001 <.0001 0.2477 






Table 2.2 Statistic analysis of effect of the HS-SPME extraction time on extraction of volatile chemicals from the liquor by the 
ANOVA F-test and Tukey W test 
Compounds ANOVA p-valuea 
Tukey W test p-valuea 
10!30min 30!60min 60!90min 10!60min 10!90min 30!90min 
TIC <.0001 0.0755 0.0004 0.1196 <.0001 <.0001 <.0001 
Ethyl acetate 0.0144 0.1523 0.4598 0.9981 0.0178 0.0225 0.5502 
Ethyl butanoate <.0001 0.0113 0.0029 0.3430 <.0001 <.0001 0.0004 
Ethyl pentanoate <.0001 0.0047 0.0013 0.4644 <.0001 <.0001 0.0003 
Ethyl heptanoate <.0001 0.0161 0.0075 0.0565 0.0001 <.0001 0.0003 
Ethyl octanoate 0.0001 0.0643 0.0634 0.0959 0.0014 0.0001 0.0019 
Ethylphenyl propanoate <.0001 0.0041 0.0040 0.0037 <.0001 <.0001 <.0001 
Isopentanal 0.0008 0.0521 0.0263 0.3719 0.0006 0.0040 0.2854 
1-Hexanol 0.0002 0.0184 0.0002 0.1744 0.0122 0.2913 0.0017 
2-Nonanone <.0001 0.0003 0.0023 0.0254 <.0001 <.0001 <.0001 
Hexanoic anhydride <.0001 0.0002 0.0003 0.0016 <.0001 <.0001 <.0001 



























































Figure 2.3 Influence of the extraction temperature on the extraction efficiency of selected ester compounds (NaCl saturated, 30 
minutes equilibrium, and 60 minutes extraction by a 100 µm PDMS fiber). 





















Extraction temperature (C) 
 
Ethyl octanoate 






Figure 2.4 Influence of the extraction temperature on the extraction efficiency of selected compounds (NaCl saturated, 30 




















































Figure 2.6 Influence of the extraction time on the extraction efficiency of selected ester compounds (NaCl saturated, 30 
minutes equilibrium, and extraction by a 100 µm PDMS fiber at 40°C). 




















Extraction time (min) 
 









Figure 2.7 Influence of the extraction time on the extraction efficiency of selected compounds (NaCl saturated, 30 minutes 





















Hexanoic anhydride  
  53 
Reference 
1. Zhang, M., et al., Optimization of Headspace Solid Phase Microextraction for 
GC-MS Analysis if Aromatic Constituents in White Liquor. Food Science 
(Chinese), 2011. 32(12): p. 49-53. 
2. Xiao, Z., et al., Characterization of Aroma Compounds of Chinese Famous 
Liquors by Gas Chromatography-Mass Spectrometry and Flash GC Electronic-
Nose. Journal of Chromatography B, 2014. 945-946(0): p. 92-100. 
3. Fan, W. and Qian, M.C., Characterization of Aroma Compounds of Chinese 
“Wuliangye” and “Jiannanchun” Liquors by Aroma Extract Dilution Analysis. 
Journal of Agricultural and Food Chemistry, 2006. 54(7): p. 2695-2704. 
4. Yin, L., et al., Analysis of Trace Components of Tailing Liquor and Low-quality 
Base Liquor of Nong-flavor Daqu by Capillary Column Gas Chromatography. 
Liquor-Making Science & Technology, 2013. 4: p. 95-98, 119. 
5. Demyttenaere, J.C.R., et al., Flavour Analysis of Greek White Wine by Solid-
Phase Microextraction-Capillary Gas Chromatography-Mass Spectrometry. 
Journal of Chromatography A, 2003. 985(1-2): p. 233-246. 
6. Lord, H. and Pawliszyn, J., Evolution of Solid-Phase Microextraction Technology. 
Journal of Chromatography A, 2000. 885(1–2): p. 153-193. 
7. Fan, W., Shen, H., and Xu, Y., Quantification of Volatile Compounds in Chinese 
Soy Sauce Aroma Type Liquor by Stir Bar Sorptive Extraction and Gas 
Chromatography–Mass Spectrometry. Journal of the Science of Food and 
Agriculture, 2011. 91(7): p. 1187-1198. 
8. Fan, W. and Qian, M.C., Headspace Solid Phase Microextraction and Gas 
Chromatography-Olfactometry Dilution Analysis of Young and Aged Chinese 
“Yanghe Daqu” Liquors. Journal of Agricultural and Food Chemistry, 2005. 
53(20): p. 7931-7938. 
9. Vas, G. and Vékey, K., Solid-Phase Microextraction: a Powerful Sample 
Preparation Tool Prior to Mass Spectrometric analysis. Journal of Mass 
Spectrometry, 2004. 39(3): p. 233-254. 
10. Curvers, J., et al., Temperature Programmed Retention Indices: Calculation from 
Isothermal Data. Part 1: Theory. Journal of High Resolution Chromatography, 
1985. 8(9): p. 607-610. 
  54 
11. Van den Dool, H. and Dec Kratz, P., A Generalization of the Retention Index 
System Including Linear Temperature Programmed Gas-Liquid Partition 
Chromatography. Journal of Chromatography A, 1963. 11: p. 463-471. 
12. Ebeler, S.E., Terrien, M.B., and Butzke, C.E., Analysis of Brandy Aroma by Solid-
Phase Microextraction and Liquid–Liquid Extraction. Journal of the Science of 
Food and Agriculture, 2000. 80(5): p. 625-630. 
13. Pino, J., et al., Headspace Solid-Phase Microextraction of Higher Aatty acid Ethyl 
Esters in White Rum Aroma. Journal of Chromatography A, 2002. 954(1): p. 51-
57. 
14. Pfannkoch, E., Whitecavage, J., and Hoffmann, A., Stir Bar Sorptive Extraction: 
Capacity and Competition Effects. GERSTEL Appl Notes, 2002. 4(1). 
15. Câmara, J.S., Alves, M.A., and Marques, J.C., Development of Headspace Solid-
Phase Microextraction-Gas Chromatography–Mass Spectrometry Methodology 
for Analysis of Terpenoids in Madeira Wines. Analytica Chimica Acta, 2006. 
555(2): p. 191-200. 
16. Goldner, M.C., et al., Effect of Ethanol Level in the Perception of Aroma 
Attributes and the Detection of Volatile Compounds in Red Wine. Journal of 
Sensory Studies, 2009. 24(2): p. 243-257. 
17. Escudero, A., et al., Analytical Characterization of the Aroma of Five Premium 
Red Wines. Insights into the Role of Odor Families and the Concept of Fruitiness 
of Wines. Journal of Agricultural and Food Chemistry, 2007. 55(11): p. 4501-
4510. 
18. Perestrelo, R., et al., Optimisation of Solid-Phase Microextraction Combined with 
Gas Chromatography–Mass Spectrometry Based Methodology to Establish the 
Global Volatile Signature in Pulp and Skin of Vitis Vinifera L. Grape Varieties. 
Talanta, 2011. 85(3): p. 1483-1493. 
19. Rodrı́guez-Bencomo, J.J., et al., Determination of Esters in Dry and Sweet White 
Wines by Headspace Solid-Phase Microextraction and Gas Chromatography. 
Journal of Chromatography A, 2002. 963(1–2): p. 213-223. 
20. Zhang, Z. and Pawliszyn, J., Headspace Solid-Phase Microextraction. Analytical 
Chemistry, 1993. 65(14): p. 1843-1852. 
21. Câmara, J.S., et al., Comparative Study of the Whisky Aroma Profile based on 
Headspace Solid Phase Microextraction using Different Fibre Coatings. Journal 
of Chromatography A, 2007. 1150(1–2): p. 198-207. 
  55 
22. Saison, D., et al., Optimisation of a Complete Method for the Analysis of Volatiles 
Involved in the Flavour Stability of Beer by Solid-Phase Microextraction in 
Combination with Gas Chromatography and Mass Spectrometry. Journal of 
Chromatography A, 2008. 1190(1): p. 342-349. 
23. Jeleń, H.H., et al., Solid-Phase Microextraction for the Analysis of Some Alcohols 
and Esters in Beer:! Comparison with Static Headspace Method. Journal of 
Agricultural and Food Chemistry, 1998. 46(4): p. 1469-1473. 
24. Rocha, S., et al., Headspace Solid Phase Microextraction (SPME) Analysis of 
Flavor Compounds in Wines. Effect of the Matrix Volatile Composition in the 
Relative Response Factors in a Wine Model. Journal of Agricultural and Food 
Chemistry, 2001. 49(11): p. 5142-5151. 
25. Ruiz, J., et al., Headspace Solid Phase Microextraction for the Analysis of 
Volatiles in a Meat Product: Dry-Cured Iberian Ham. Journal of Agricultural and 
Food Chemistry, 1998. 46(11): p. 4688-4694. 
26. Buttery, R.G., Ling, L., and Guadagni, D.G., Food Volatiles. Volatilities of 
Aldehydes, Ketones, and Esters in Dilute Water Solution. Journal of Agricultural 
and Food Chemistry, 1969. 17(2): p. 385-389. 
27. Yang, X. and Peppard, T., Solid-Phase Microextraction for Flavor Analysis. 




  56 
III. ANALYSIS OF VOLATILE COMPOUNDS AND CHANGES DURING 
CHINESE LIQUOR AGING 
Abstract 
Volatile compounds of Gujing liquor were extracted in triplicate by headspace solid-
phase microextraction (HS-SPME). Gas chromatography-mass spectrometry (GC-MS) 
was used to separate and identify the volatile compounds, which were identified based on 
their Kovat’s retention indices (KRI) and mass spectrum. A total number of 92 volatiles 
were identified from Gujing liquor, including 50 esters, 13 alcohols, 7 acetals, 5 acids, 2 
phenols, 2 aldehydes, 2 sulfur compounds, 2 anhydrides, 1 ketone, and 8 unknown 
compounds. The volatile profile of four samples was similar except some trace 
compounds. Esters were the most abundant chemical group, particularly, ethyl hexanoate 
accounted for about 50% of total volatile amount. Long-time of aging did not 
significantly influence the amounts of esters and phenols, but the amounts of alcohols, 
ketones and acetals were reduced after long-time of aging. 
3.1 Introduction 
Gujing liquor is classified as a strong-aroma fragrance liquor, which is represented by 
a strong floral, fruity and sweet flavor. Its characteristic flavor is ethyl hexanoate that 
contributes the strong fruity and pineapple flavors (1). High quality Gujing liquor has 
smooth taste and satisfied flavor, while the fresh distilled one has a harsh and unpleasant 
taste. The unsatisfied flavor is composed of some small molecules and free ethanol 
molecule (2, 3). Although some volatiles such as acids and phenols could strength the 
water-ethanol hydrogen bonding for a desirable taste (3), a well-matured liquor may still 
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need more than ten years for the best quality, which is quite time consuming and 
inefficiency. For example, fresh distilled Gujing liquor has to be stored at least 3 year to 
reach the minimum taste requirement.  
The chemical reactions within volatile compounds and liquor evaporation are the two 
major changes during the liquor aging. Unlike whiskey, brandy and wines that are aged in 
oak barrels to get extra flavor and color from the wood (4), the clay pot used for storage 
of Chinese liquors does not supply extra flavor or color components. Instead, the 
chemical reactions between the volatile compounds are the main way for liquor flavor 
enhancement. That is why there is a huge variance of volatile composition between the 
freshly distilled and aged Chinese liquors. On the other hand, water, ethanol, and small 
volatiles are continuously evaporated during the liquor aging, which resulted in 
concentrated flavors than those in the fresh liquor. Therefore, it is critical to find a 
balance between liquor aging time and a desirable flavor. 
In this study, the volatile changes of the liquor in four different aging times were 
compared and discussed. 
3.2 Methods and Materials 
3.2.1 Samples 
Four original Gujing liquors, which were stored directly after distillation for 1, 5, 10, 
and 20 years, were collected on June 15th 2013 from the Gujing Liquor Co., Ltd. (Bozhou, 
Anhui, China). Samples were transported immediately, and kept at room temperature 
(25°C) in the laboratory (Clemson, SC, USA). 
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3.2.2 Materials 
The manual holder of SPME and a 24 gauge 100 µm polydimethylsiloxane fiber 
(PDMS) were purchased from Supelco (Bellefonte, PA, USA). The 3.7 mL glass sample 
vials with caps and polytetrafluoroethylene (PTFE)/silicone septa were purchased from 
Supelco (Bellefonte, PA, USA). Certified A.C.S grade acetone that was used for sample 
vial cleaning and a model 205 static water bath were purchased from Fisher Scientific 
(Norcross, GA, USA). Alkane standard (C8-C20) and sodium chloride (>99.5% purity) 
were purchased from Sigma-Aldrich (St. Louis, MO, USA). A Millipore Synergy UV 
system (Millipore Billerica, MA, USA) was used to produce distilled water. 
3.2.3 Volatile Extraction by Headspace Solid Phase Microextraction (HS-SPME) 
Since the loading capacity of a GC-MS column is quite small, and an overloading can 
cause a poor resolution and identification problem, the sample amount injected into the 
GC has to be adjusted in order to optimize the resolution and identification. In regards of 
the concentration difference of the liquor samples, a series of sample dilution was 
prepared in a final volume of 2.7 mL and tested to find out the proper sample dilution for 
HS-SPME extraction. For the liquor aged by 1 year, three sample amounts (100, 150 and 
300 µL) were diluted by water to 2.7 mL for volatile extraction. It was found the amount 
of 150 µL was proper to be diluted. In comparison, 80, 100 and 120 µL of 5-years liquor 
were tested. It was found the 100 µL was suitable to be diluted for extraction. The 10-
years and 20-years liquors had much more concentrated flavors than other two mentioned 
samples, so 40 and 50 µL of their samples were diluted for extraction. The peak intensity 
of all four samples was close with each other, which meant similar amount of volatiles 
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was extracted by the SPME. For the final calculation of the volatile amount, the peak 
areas of the volatiles from the samples in aging times of 1, 5, 10, and 20 years, which 
were taken by 150, 100, 40, and 50 µL respectively, were multiplied by 1, 1.5, 3.75 and 3 
times respectively to convert the samples to the same volume of 150 µL. 
The optimized extraction method was described in Chapter 2. The same SPME 
manual holder with a 100 µm PDMS stationary phase was used for the volatile extraction 
of four original liquors. Four liquor samples were diluted to 2.7 mL by saturated sodium 
chloride solution, then transferred into a 3.7 mL headspace sample vial. The sealed vial 
was placed into a plastic holder that was immerged into a 40°C water bath for 30 minutes 
for equilibration. After that, the SPME fiber was introduced into the vial. Its 10 mm fiber 
was fully extended in the headspace, leaving 1 mm distance above the aqueous surface. 
After 60 minutes of extraction at 40°C, the fiber was injected into the GC injection port 
immediately to desorb analytes for 3 minutes. The GC temperature program was started 
at the same time with the sample injection. Extraction of the volatile compounds from 
each sample was repeated five times and three of them were used for data analysis. 
3.2.4 Volatiles Identification 
For identification of volatile compounds, a Shimadzu GC-17A gas chromatograph 
(GC) coupled to a QP5050A Mass Spectrometer (MS) (Shimadzu, Kyoto, Japan) were 
used for chemical analysis. A DB-5 (5% phenyl, 95% methylsilicone) capillary column 
(60 m×0.26 mm ID×0.25 µm film thickness) that was purchased from Agilent J&W 
(Santa Clara, CA, USA) was installed in the GC oven. The GC injection port was 
equipped with a 0.75 mm diameter Restek SPME liner (Bellefonte, PA, USA), and 
  60 
maintained at 250°C with splitless mode. This narrow, un-packed liner was used to 
prevent peak broadening due to an increased linear gas flow (5). The flow rate of carrier 
gas (ultra-high purity helium, 99.999%) was 1.0 mL/min. A temperature program of GC 
was set for analytes separation. The initially oven temperature started at 35°C for 5 
minutes and then ramped to 80°C at 5°C/min for another 5 minutes, then increased to 
115°C at 1°C/min for 3 minutes. After that, the temperature increased at the rate of 
4°C/min to 160°C for 1 minute, and finally reached to 300°C at a ramp of 20°C/min for 5 
minutes. The mass spectrometer that was equipped with a quadrupole mass analyzer was 
operated in an electron impact (EI) ionization mode with an ion energy of 70 eV. A scan 
mode was running from 1 to 81 minutes with 0.3 seconds interval, to record the ion 
fragments within 40-350 m/z. Both GC injection port and MS interface were worked at 
250°C. 
Identification of the volatile compounds was based on the following procedures (also 
described in Chapter 2): [1] comparison of mass spectra between the identified compound 
and those recorded in the following libraries: NIST 08 library (National Institute of 
Standards and Technology, Gaithersburg, MD, USA), Wiley 7 (Wiley, Hoboken, NJ, 
USA) and Shimadzu Terpene and Terpenoid library (Shimadzu, Kyoto, Japan). 
Compound was confirmed if its mass spectra have a 90% or higher similarity with that in 
the libraries; [2] the temperature-programed Kovat’s retention indices (KRI) calculated 
from the external standard of n-alkanes (C8-C20). The retention time of a single peak in 
the total ion chromatogram (TIC) and the Van den Dool’s equation I = 100z+
100 !!!!!!!!!!!! , where Tz<Ti<Tz+1, were used for the KRI calculation. For the Van den Dool 
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equation, Ti was the retention time of analyte; Tz and Tz+1 were the retention times of the 
n-alkanes eluted just before and after the analyte, respectively (6, 7). Separation of the n-
alkane standards was performed under the same GC temperature program as that for the 
sample. The compounds that were eluted before heptane (KRI<700) were only identified 
based on their mass spectra. 
The aim of this experiment is to identify the volatile compounds in the Gujing liquor, 
and study the relative concentration changes of volatiles during liquor aging, based on 
their relative area percentage (area%=detector response of a compound to a total area of 
all peaks). The areas of interested compounds were used for analysis as well. 
3.2.5 Statistic Analysis 
The quantities of volatile compounds were analyzed by one-way analysis of variance 
(ANOVA) and compared by Tukey’s W test using the JMP (John’s Macintosh Program) 
(SAS Institute, Cary, NC, USA) with a significance level of α=0.05. The variance among 
the four sample was evaluated by the ANOVA F-test. When the p-value of F-test was 
smaller than 0.05, there was a significant difference among those values. Otherwise, there 
was no significant difference when the p-value was larger than 0.05. When the F-test of 
ANOVA presented a difference among the four samples, a further multiple comparison 
of Tukey’s W test was conducted to find out the specific difference of all pairs. The 
significant difference of Tukey W test was set at the p-value smaller than 0.05. 
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3.3 Results and Discussion 
3.3.1 Volatiles composition of Original Gujing Liquor 
The volatile compounds of Gujing liquor were extracted by the HS-SPME and 
analyzed by GC-MS. Complete volatile composition of four aged Gujing liquors and the 
calculated KRI were presented in the Table 3.1. The total ion chromatogram (TIC) of 
GC-MS of 1, 5, 10, and 20 years aged liquor samples are shown from Fig. 3.1 to Fig. 3.4 
respectively. A total number of 92 volatiles were identified from all four samples, 
including 50 esters, 13 alcohols, 7 acetals, 5 acids, 2 phenols, 2 aldehydes, 2 sulfur 
compounds, 2 anhydrides, 1 ketone, and 8 unknown compounds. More specifically, 71, 
68, 69 and 65 volatiles were identified respectively from the 1, 5, 10, and 20-years of the 
aging liquors. The decreased number of volatiles during aging may be caused by the 
evaporation of small molecules (8). Among the identified chemicals, 56 volatile 
components were identified in all four aged liquors. On the other hand, some other 
components such as pyrazines, pyridines, terpenes, and fatty acids were also extractyed 
by liquid-liquid extraction (LLE) or stir bar sportive extraction (SBSE) from soy-sauce 
liquors, none of them were found in the Gujing liquor (9, 10). 
3.3.2 Chemical Groups 
Nine different chemical groups (esters, alcohols, acids, acetals, aldehyde, anhydride, 
phenols, sulfur compounds, and ketone) were found from the Gujing liquor. Each of them 
contributed different flavors for the liquor. Esters, alcohols, acids and acetals had more 
compounds and higher concentrations than the rest five chemical groups. Comparison of 
the relative amount of each chemical group could avoid the interruption of concentration 
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difference. The real amount of compound was used for discussion of flavor change of a 
single compound, such as the 6 major ester compounds.  
3.3.2.1 Esters 
Esters were quantitatively the most abundant volatiles in Gujing liquor. There were 
45, 47, 45 and 43 esters were isolated from 1, 5, 10 and 20 years liquors, respectively, 
which accounted for about 96% of the total amount of the detected volatiles. Ethyl 
hexanoate was the dominant and characteristic volatile that contributed a floral, sweet 
and fruity aroma. This flavor accounted for 48-64% of the total volatile concentration (1). 
In another strong-aroma fragrance liquor “Wuliangye”, the concentration of ethyl 
hexanoate was more than 2 g/L (1). Besides, ethyl octanoate, ethyl butanoate, ethyl 
heptanoate, ethyl pentanoate, ethyl acetate, butyl hexanoate, 2-methylbutyl hexanoate, 
and hexyl hexanoate were other esters with high concentrations, each of which had more 
than 1% of the total peak area. Esters contributed a pleasant fruity, banana, pineapple, 
sweet and berry flavors and are considered the most important aromas for strong-aroma 
fragrance liquor (1). 
The relative amounts of esters in the total volatile content were stable after 20 years 
storage (Fig.3.5). There was no significant difference (ANOVA, p-value=0.5604) of the 
amount from all four liquor samples (Table 3.2). The lowest amount of esters was found 
in the 10-years sample, and then it was raised back to the highest in the 20-years sample. 
Since 96% of volatiles were esters, concentration changes of a few esters would not 
impact a significant influence on the total amount of the esters. The esterification of 
ethanol and fatty acids synthesized more esters, while the esters could be decomposed to 
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alcohols and acids again (11). Decrease of the relative amount of esters could be caused 
by the hydrolysis of esters, which resulted in the lowest amount of esters and the highest 
amount of acid in the 10-years liquor due to the consequence of ester hydrolysis (Fig. 3.5) 
(11). The relative amount of ester did not represent the real ester concentration in the 
liquor. Since the liquor was concentrated during storage, the real concentration of esters 
in the aged samples could be much higher than that in the fresh one though their relative 
amount was nearly the same. 
A total number of 38 esters were identified from all four liquor samples, and all of 
them were analyzed by the ANOVA and Tukey tests. The concentration of ethyl 
hexanoate was significantly increased after 5 years of storage (Tukey test, p-
value=0.0032), then (Tukey test, p-value<0.0001) reached to its maximum in the 10-
years sample. After that, its concentration reduced significantly (Tukey test, p-
value=0.0014) but was still much higher than its concentrations in the 1 and 5 years 
sample. Previous literature reported the concentration change of ethyl hexanoate during 
wine storage. Although the wine was only stored for 20 months, the changing profile of 
the concentration in wine was as same as what was observed in the experiment. The 
concentration of ethyl haxanoate was constant within the first 6 months, then increased 
until its maximum. After that, the concentration of ethyl hexanoate decreased (12).  
Other six esters with high detective intensity were chosen as representatives of major 
ester compounds (Fig. 3.7). Ethyl octanoate showed the second highest amount. Its 
concentration continually increased from 1, 5 to 10 years of storage (Table 3.2). After 
reaching its maximum, its concentration decreased significantly (Tukey test, p-
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value<0.0001), but was still higher than that in the 1 or 5 years of aged liquor. Some 
other esters showed the same changing pattern as ethyl octanoate. The same phenomenon 
was also reported for ethyl oactanoate during wine aging (12). There was a significant 
increase of ethyl pentanoate was from 1 to 5 years (Tukey test, p-value=0.0008). Then its 
concentration did not change significantly within the next 5 years (Tukey test, p-
value=0.3602). After 20 years of aging, ethyl pentanoate increased significantly again 
(Tukey test, p-value<0.0001). Ethyl 2-methylbutanoate had the same changing pattern as 
ethyl pentanoate. The concentration of ethyl heptanoate kept increasing during liquor 
aging. Its concentration increased significantly during 1 to 10 years (Tukey test, p-
value<0.05), then it slightly increased during 10 to 20 years (Tukey test, p-value=0.0910). 
Other esters that their concentrations increased during the liquor storage included 2-
methylbutyl hexanoate, 3-hydroxy-2,4,4-trimethylpentyl-2-methyl-propanoate, 3-
methylbutyl hexanoate, ethyl 3-methylbutanoate, 2-methylpropyl hexanoate, 2-
methylbutyl valerate, and 3-methylbutyl pentanoate. Isobutyl acetate and 3-methylbutyl 
acetate had the highest concentration after distillation, but decreased during storage. 
Since most of the esters achieved their highest concentrations after 10 years of 
storage, it seems that a 20-years aging was useless. A research about volatile changes 
during the beer aging demonstrated that the esterification and hydrolysis of ethyl esters 
occurred at same time during the aging (13). On the other hand, the esters with larger 
molecular weights were more easily hydrolyzed during aging (13). Those degraded 
molecules may react to other chemicals again and/or be evaporated, which caused a 
concentration reduction after 20 years of storage. 
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3.3.2.2 Alcohols 
The alcohol compounds were the second largest group of volatiles in the Gujing 
liquor. A total number of 13 alcohols were found from four samples. In detail, 11, 9, 10 
and 8 alcohol compounds were identified from the 1, 5, 10, and 20-years of liquors, 
respectively (Table 3.1). All these alcohols were found in other Chinese liquors. Their 
flavor description, Osme value, and flavor dilution values were reported as well (1, 8, 14). 
Yeast could use amino acids as precursors to form alcohols through the metabolic 
pathways, or the reduction of aldehydes (1, 15). It was reported that 1-hexanol was 
transformed by enzymatic oxidation of linoleic acid (16). For small molecular weight 
alcohols, their syntheses possibly relied on the glucose fermentation (16). Alcohols had 
very high detective threshold values so that they were required to have high enough 
concentrations to be smelled (16). Except the ethanol, the total amount of all other 
alcohols only accounted for about 0.5% of total detected volatiles. However, alcohols 
bring very important aromas to the Gujing liquor. For example, 2-butanol and 2-pentanol 
provide fruity and alcoholic aroma. 1-pentanol, isobutanol, and 1-octanol provide floral, 
sweet, fruity and solvent-like aromas. While 1-hexnaol, 2-ethylhexanol and 3-
methylbutanol smells like green grass, and give rosy and nail polish flavor (1).  
Fig. 3.5 shows the total alcohol changes during liquor storage, and the statistical 
analyses of those changes are listed in Table 3.2. There was no significant change of the 
alcohol amount among the 1, 5, and 10-years of liquors (Tukey test, p-value=0.8176, 
0.2224, and 0.6123). The alcohol amount only slightly increased in the 5-years liquor, 
then reduced a little bit in the 10-years sample. However, when the storage time extended 
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to 20 years, the alcohol content was significant reduced (Tukey test, p-value=0.0053). 
Therefore, the alcohol amount was stable within 10 years, but not suitable for longer 
storage. 
Eight alcohols were found in all four samples. Among them, 4 major alcohols were 1-
octanol, 3-methylbuthanol, 1-hexanol, and isobutanol because of their relatively high 
amounts in alcohols (>0.05%). Three alcohols, including 2-butanol, 1-octanol, and 1-
hexanol, showed similar patterns of their changes during storage. For example, there was 
no significant difference of the concentration of 1-hexanol between its 1 and 5-years 
samples. However, the concentration of 1-hexanol significantly increased (Tukey test, p-
value<0.0001) in the 10-years sample, but reduced significantly (Tukey test, p-
value<0.0001) in the 20-years sample. It seems the production of alcohols needs a 
relatively long time (10 years) to reach the highest concentration, but further storage will 
lose them again. 
Another alcohol-changing pattern was shown by isobutanol and 3-methylbutanol. 
Their concentrations decreased significantly (Tukey test, p-value=0.047) after 5 years of 
storage, then increased for next 15 years. The oxidative deamination of free amino acids 
precursors was suggested to produce 3-methylbutanol (17). 
The concentrations of two alcohols (i.e., 1-pentanol and 2-pentanol) increased 
throughout the aging. 2-pentanol experienced a significant increase during 5 to 10 years 
of storage (Tukey test, p-value=0.0337), then kept its concentration in the 20-years 
sample. For 1-pentanol, its concentration was increased significantly after 5 years of 
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aging (Tukey test, p-value=0.0048), then kept on the same level without decrease after 20 
years of aging. 
3.3.2.3 Acetals 
Acetals, which provide floral and fruity flavors, are formed by combination of 
aldehydes and alcohols in an acidic environment during liquor aging, and it is an essential 
flavor component in Chinese liquor (8, 16). A total number of 7 acetals were isolated 
from the aged Gujing liquors, and 3 of them (i.e., 1,1-diethoxyethane, 1,1-diethoxy-2-
methylpropane, and 2,2-diethoxyethyl benzene) were contained in all samples (Table 3.1).  
Six acetals were reported in other Chinese liquors, and five of them (1,1-diethoxyethane, 
1,1-diethoxy-2-methylpropane, 1,1-diethoxy-3-methylbutane, 1,1-Diethoxyhexane, and 
1,1-diethoxynonane) were found in the Gujing liquor as well (8). Two acetals (1-ethoxy-
1-propoxyethane, and 2,2-diethoxyethyl benzene) only found in the Gujing liquor. 
However, 1,1-diethoxy-2-phenylethane (fruity) and 1,1,3-triethoxypropane (mushroom-
like) that were reported in “Yanghe Daqu” and brandy were not identified from Gujing 
liquor (8, 16). 
The acetal changes during liquor storage are shown in Fig. 3.5, and the statistical 
analyses are given in Table 3.2. The highest total amount of acetals was found in the 1-
year sample. A significant decrease (Tukey test, p-value=0.011) happened when the 
liquor was aged for five years. Then the acetal amount was kept in the low level until 
aging for 20 years. It seems that most of the acetals were formed during fermentation and 
distilled into the original liquor. A research of brandy aging mentioned a possible non-
enzymatic oxidation of alcohols and aldehydes during aging that formed more acids, 
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acetals and esters (18). So the reduced acetals in Gujing liquor could be due to 
decomposition or conversion to other compounds such as alcohols. Since Gujing liquor is 
stored for at least 3 years before serving, the amount of actals is often low at consumption, 
accounting for 0.18-0.65% of the total volatile amount. 
3.3.2.4 Acids 
Acid is relatively less volatile and more polar compared with other chemicals. So the 
non-polar PDMS fiber and DB-5 column was not the best choice for extraction of acids 
and separation. Compared with esters, poor resolution and low intensity were the main 
problem for identification and qualification of acids. Therefore, only hexanoic acid was 
identified from all four samples, while the rest acids were just shown in one or two 
samples. 
Five acids were isolated from the aged liquors, and the variation of total amount of 
acids during the aging is shown in Fig. 3.5. The amounts of acids experienced a 
continuous and significant increase during the first 10 years of aging (Tukey test, p-
value<0.05). After their amounts approached to their maximum in the 10-years samples, 
their concentrations decreased significantly (Tukey test, p-value<0.0001) back to the 
level of the 5-years liquor (Tukey test, p-value=0.0974). Previous researches reported 18 
acids in other two strong-aroma fragrance liquors, which were extracted by liquid-liquid 
extraction, and evaluated by GC-O to determine their flavor dilution (FD) values (1). It 
was found that hexanoic acid was the most important acid because of its high FD value, 
although it provided an unpleasant cheesy and sweaty flavor (1). The rest acids had 
similar flavor descriptions as hexanoic acid. Although a proper amount of acid could 
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balance and enhance the fruity, floral aroma of liquor, too much acid would cause an 
unsatisfied flavor. Therefore, the amount of hexanoic acid during the strong of aging 
needs to be controlled under a certain range (19).  
The initial acids were made during fermentation by the acidic bacteria in pit mud. 
They were the critical ingredients for potential esterification (19). Further increased 
amount of acid relied on the chemical reactions such as ester hydrolysis and ethanol 
oxidation. The highest concentration of acid in the 10-years sample concurred to the 
lowest amount of esters in the same sample, which was ascribed to the ester hydrolysis.. 
3.3.2.5 Other Volatiles 
In addition to the major chemical groups mentioned above, few aldehydes, ketones, 
anhydrides, phenolic compounds and sulfur-containing compounds were also isolated 
from the Gujing liquor (Table 3.1). Although only one or two compounds were identified 
from each group, those volatile also played important roles for the liquor flavor. 
Phenolic compounds in Chinese liquors more likely come from the auxiliary material 
rice hull that was mixed with fermented grains before distillation (1). Two phenolic 
compounds, which were 4-methylphenol and 4-ethyl-2-methoxylphenol, were isolated 
from the Gujing liquor and provide animal, medical, clove and spicy flavors (1). The 
amount of total phenols in Gujing liquor was constant during storage (Fig. 3.6), and there 
was no significant change along with the aging (Tukey test, p-value>0.05). In contrast, 
phenolic compounds in brandy kept increase until the end of aging (12). Such a 
difference was ascribed to the different containers of two liquors during aging. Unlike 
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whisky or brandy that are aged in oak barrels that are composed full of phenolic 
compounds, Chinese liquor is aged in a clay pot that lacks phenolic compounds (12). 
Aldehydes and ketones were carbonyl compounds that are formed by the fatty acid 
reduction, or the oxidation of alcohols (10). Those volatiles provide a fruity aroma at low 
concentrations, but an unpleasant odor at high concentrations (10). Two aldehydes were 
found in Gujing liquor. During the first 5 years of storage, the aldehyde amount was 
stabilized at a high level. However, after the second 5 years storage (10 years), its 
concentration decreased to the lowest level (Tukey test, p-value<0.0001). Although the 
concentration was increased again after 20 years of aging, it was still much lower than the 
beginning level (Tukey test, p-value<0.0001). Most of the aldehydes were evaporated 
during the aging because of their extremely low boiling point, or was converted to other 
chemicals (20). The only ketone that was identified from the liquor was 2-pentanone, 
which was described to possess a fruity and buttery flavor (1, 21). Along with the aging, 
the ketone continuously decreased, especially after 10 years of storage (Tukey test, p-
value=0.0215). 
Only a few sulfur-containing compounds, which were often described to have an 
unpleasant smell like cooked onion or rotted cabbage (14), were found in the liquor with 
low concentrations. Dimethyl disulfide, which is commonly found in Chinese liquors, 
could come from the decomposition of sulfur-containing amino acids. Methyl 
thiobutanoate belongs to the S-methyl thioester with a cheesy flavor, which is normally 
contained in dairy products and cheeses (22, 23). The cheese-ripening bacteria and yeast 
decompose the L-cysteine or l-methionine to yield the volatile sulfur-containing 
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compounds. It is possible that similar microorganisms were involved in the fermentation 
of Gujing liquor, and produced methyl thiobutanoate during fermentation. Based on Fig. 
3.6, the sulfur-containing compounds had very high concentrations in the 5 and 10-years 
samples, and low concentrations in the fresh liquor (1 year) and aged liquor (20 years).  
Anhydride is the last chemical group found in the Gujing liquor. It could be formed 
by two acetates or by two acids at ordinary temperatures for years (24), although it could 
also decompose to acids in the opposite direction (24). Since there were many organic 
acids in the liquor, it is not surprise to find few anhydrides after years of aging.  
3.4 Conclusion 
Volatile compounds in four original Gujing liquors were extracted by 100 µm PDMS 
fiber through an optimized HS-SPME method and analyzed by GC-MS. A total number 
of 92 volatiles were identified, including 50 esters, 13 alcohols, 7 acetals, 5 acids, 2 
phenols, 2 aldehydes, 2 sulfur compounds, 2 anhydrides, 1 ketone, and 8 unknown 
compounds. Esters were the most abundant chemical group in the Gujing liquor, which 
accounted for about 96% of total volatile amount. Ethyl hexanoate, the characteristic 
volatile of strong-aroma fragrance liquor, was identified as the dominant ester in the 
Gujing liquor, in which it took about 50% of total volatile amount. Other chemical groups 
also contributed their aromas to the Gujing liquor. Esters and phenolic compounds were 
stable during the liquor aging, while alcohols, ketones and acetals decreased after a long 
time of aging. In contrast, organic acids and sulfur-containing compounds increased in 





3.5 Tables and Figures 
Table 3.1 Volatile compounds extracted from original Gujing liquor at four storage times (1, 5, 10, and 20 years) by headspace 
solid phase microextraction (HS-SPME) method combined with GC-MS 
  Kovats Retention Index 1-Year
 5-Years 10-Years 20-Years 
Compounda Exp.b Ref.c  Area%e SDf Area% SD Area% SD Area% SD 
Ester (50)           
Ethyl Acetated  < 700 584 2.0707 0.0476 0.9690 0.0956 0.6954 0.0395 0.8437 0.0349 
Ethyl propanoate 704 705 0.0680 0.0026 0.0706 0.0053 0.0708 0.0023 0.0412 0.0013 
Propyl acetate 707 707 0.0130 0.0009 0.0179 0.0018 0.1190 0.0059 0.0133 0.0021 
Ethyl isobutyrate 752 753 0.1100 0.0039 0.1750 0.0136 0.1246 0.0080 0.1096 0.0284 
Isobutyl acetate 769 770 0.0385 0.0030 0.0050 0.0014 0.0033 0.0004 0.0050 0.0005 
Ethyl butanoate 802 802 4.2735 0.1263 5.1055 0.1819 4.0904 0.2248 4.0594 0.1020 
Ethyl lactate 811 815 0.0124 0.0024 0.0083 0.0074 - - - - 
Butyl acetate 813 813 0.0140 0.0010 0.0183 0.0035 0.0135 0.0010 0.0064 0.0005 
Ethyl 2-methylbutanoate 847 847 0.0524 0.0028 0.0695 0.0038 0.0188 0.0007 0.0377 0.0082 
Ethyl 3-methylbutanoate 851 852 0.0363 0.0018 0.0797 0.0160 0.0344 0.0007 0.0697 0.0067 
3-Methylbutyl acetate 874 875 0.2391 0.0221 0.0392 0.0052 0.0217 0.0008 0.0241 0.0036 
2-Methylbutyl acetate 876 877 0.0376 0.0032 0.1141 0.0172 0.0084 0.0011 0.0066 0.0004 
Propyl butanoate 897 897 0.0088 0.0016 0.0448 0.0142 0.1486 0.0090 0.0321 0.0175 
Ethyl pentanoate 901 901 2.8784 0.0079 3.6836 0.3127 0.9396 0.0487 3.0054 0.0582 
Methyl hexanoate 920 918 0.0489 0.0128 0.0335 0.0077 0.0045 0.0006 0.0107 0.0003 
Ethyl isohexanoate 963 963 0.1929 0.1603 - - 0.0273 0.0048 - - 
Ethyl hexanoate 1006 1006 64.9888 3.9393 58.1924 2.2035 48.3399 1.5855 57.6607 1.9451 
Hexyl acetate 1026 1036 0.2435 0.0135 0.1301 0.0063 0.1952 0.0074 0.1206 0.0157 
2-Methylbutyl butanoate 1060 1056 - - 0.1727 0.0002 0.2893 0.0670 0.3064 0.0102 
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3-Methylbutyl butanoate 1061 1061 0.0741 0.0077 0.0281 0.0021 0.0462 0.0054 0.0531 0.0093 
Isoamyl lactated  1069 - 0.0283 0.0012 0.0261 0.0004 - - 0.0110 0.0064 
Propyl hexanoate 1097 1097 0.4429 0.0395 0.9823 0.1881 7.2521 0.3974 0.9575 0.3963 
Ethyl heptanoate 1103 1100 4.2043 0.5266 6.8127 0.7249 4.3793 0.2535 7.1149 0.1287 
Heptyl acetate 1113 1113 0.0051 0.0009 0.0037 0.0004 0.0071 0.0004 - - 
Methyl octanoate 1125 1125 - - 0.0072 0.0007 0.0084 0.0001 0.0049 0.0001 
Hexyl isobutanoated 1147 - 0.0066 0.0016 0.0052 0.0008 0.0070 0.0004 0.0049 0.0001 
2-Methylpropyl 
hexanoate 1150 1150 0.4067 0.0863 0.2150 0.0183 0.3709 0.0207 0.6056 0.0316 
3-Methylbutyl pentanoate 1153 1152 0.0346 0.0083 0.0265 0.0019 0.0311 0.0006 0.0536 0.0039 
2-Methylbutyl 
pentanoated 1154 - 0.0100 0.0013 0.0047 0.0015 0.0057 0.0005 0.0143 0.0022 
Ethyl benzoate 1170 1200 0.1083 0.0096 0.0453 0.0023 0.0315 0.0011 0.0368 0.0026 
Diethyl butanedioate 1180 1176 0.0636 0.0107 0.0397 0.0164 0.0050 0.0006 - - 
Butyl hexanoate 1192 1191 1.1018 0.2422 1.6371 0.0432 1.4598 0.0659 1.6627 0.0808 
Ethyl octanoate 1202 1200 8.3172 1.8122 13.0748 0.9097 17.7467 0.7693 12.9084 0.8221 
Octyl acetated 1212 - 0.0067 0.0014 0.0066 0.0007 - - - - 
Ethyl benzeneacetate 1241 1243 0.0526 0.0046 0.1026 0.0011 0.0650 0.0004 0.0697 0.0059 
2-Methylbutyl hexanoate  1251 1247 1.2498 0.1135 1.1947 0.1956 1.6719 0.0653 3.4216 0.2775 
3-Methylbutyl hexanoate 1253 1254 0.4280 0.0994 0.1998 0.0196 0.3733 0.0111 0.5973 0.0432 
Phenethyl acetate 1254 1254 0.0095 0.0038 - - - - - - 
Pentyl hexanoate 1288 1288 0.1268 0.0406 0.2169 0.0219 0.2329 0.0155 0.2410 0.0210 
Propyl octanoate 1292 1292 0.0167 0.0080 0.0387 0.0046 0.7172 0.0588 0.0600 0.0493 
Ethyl nonanoate 1296 1296 0.1130 0.0365 0.0743 0.0077 0.0759 0.0076 0.0624 0.0070 
Ethylphenyl propanoate 1356 1355 0.2628 0.0173 0.4075 0.0151 0.9923 0.1608 0.1574 0.0106 




1376 - 0.0343 0.0057 0.0409 0.0004 0.0229 0.0022 0.0476 0.0034 
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Hexyl hexanoate 1391 1387 1.6865 0.6289 2.1946 0.1650 3.8119 0.7941 2.6031 0.3016 
Ethyl decanoate 1397 1397 0.4561 0.1669 0.2165 0.0167 0.2140 0.0575 0.1382 0.0240 
 2-Phenylethyl 
isobutanoate 1443 1396 - - 0.0072 0.0009 - - 0.0047 0.0006 
3-Methylbutyl octanoate 1451 1427 0.0428 0.0165 0.0435 0.0026 0.1045 0.0251 0.0555 0.0024 
2-Methylbutyl octanoate 1453 1446 0.0131 0.0050 0.0087 0.0008 0.0358 0.0102 0.0147 0.0027 
Heptyl hexanoate  1488 1482 - - - - 0.2489 0.0671 - - 
           
Alcohols (13)           
1-Propanold < 700 521 - - - - 0.0456 0.0133 - - 
2-Butanold < 700 603 0.0075 0.0004 0.0198 0.0012 0.0414 0.0057 0.0081 0.0012 
Isobutanold < 700 618 0.0794 0.0083 0.0179 0.0016 0.0100 0.0024 0.0227 0.0020 
2-Pentanold < 700 685 0.0065 0.0007 0.0079 0.0004 0.0054 0.0014 0.0078 0.0023 
3-Methylbutanol 730 731 0.1038 0.0007 0.1610 0.0226 0.0616 0.0085 0.1420 0.0111 
2-Methylbutanol 733 735 0.0447 0.0028 0.1203 0.0076 0.0447 0.0012 0.1144 0.0080 
1-Pentanol 766 768 0.0030 0.0015 0.0051 0.0018 0.0018 0.0002 0.0018 0.0003 
1-Hexanol 867 867 0.0875 0.0078 0.0500 0.0055 0.0529 0.0017 0.0225 0.0052 
2-Ethylhexanol 1035 1038 0.0093 0.0021 - - - - - - 
1-Octanol 1073 1074 0.0986 0.0060 0.1821 0.0037 0.1569 0.0101 0.0625 0.0075 
Linalool 1104 1103 0.0013 0.0004 - - - - - - 
2-Nonanol 1108 1100 - - 0.0038 0.0006 0.0049 0.0003 - - 
Nonanol 1173 1173 0.0134 0.0088 - - - - - - 
           
Acetals (7)           
1,1-Diethoxyethane 720 719 0.2368 0.0173 0.0282 0.0100 0.0556 0.0039 0.0554 0.0540 
1-Ethoxy-1-
propoxyethaned 815 - - - - - 0.0187 0.0077 - - 
 1,1-Diethoxy-2-




methylbutane  945 955 0.1252 0.0624 - - 0.0227 0.0007 0.0300 0.0081 
1,1-Diethoxyhexane 1090 1092 0.0600 0.0123 - - - - - - 
2,2-Diethoxyethyl 
benzene 1322 1328 0.0700 0.0143 0.0500 0.0038 0.0216 0.0036 0.0129 0.0015 
1,1-Diethoxynonane 1387 1382 0.0120 0.0014 0.0091 0.0011 - - - - 
           
Acids (5)           
Hexanoic acid 1027 1026 0.0576 0.0348 0.3493 0.0643 0.4522 0.0309 0.4319 0.0182 
Heptanoic acid 1082 1083 0.0439 0.0014 - - - - - - 
Octanoic acid 1217 1192 - - - - 0.3709 0.0158 - - 
Nonanoic acid 1269 1269 0.0150 0.0016 - - - - - - 
Decanoic acid 1380 1380 - - - - 0.0166 0.0038 0.0059 0.0011 
           
Phenols (2)           
4-Methylphenol 1089 1085 - - - - - - 0.0061 0.0048 
4-Ethyl-2-methoxyphenol 1271 1270 0.0135 0.0010 0.0236 0.0016 0.0136 0.0032 0.0121 0.0026 
           Aldehydes & Ketones 
(3)           
Isopentanald < 700 629 0.0964 0.0047 0.0915 0.0057 0.0292 0.0028 0.0499 0.0037 
Nonanal 1108 1108 0.0219 0.0034 0.0270 0.0033 - - 0.0074 0.0004 
2-Pentanoned < 700 681 0.0061 0.0004 0.0058 0.0004 0.0038 0.0010 0.0031 0.0005 
           Anhydride & Sulfur 
compounds (4)           
Pentanoic anhydrided 1269 - - - 0.0043 0.0011 - - - - 
 Hexanoic anhydrided 1371 - 0.0772 0.0167 0.1196 0.0021 0.0913 0.0224 0.1091 0.0135 
Methyl disulfide 735 740 - - - - 0.0070 0.0003 0.0092 0.0002 
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Methyl thiobutanoated 888 - 0.0098 0.0013 0.0892 0.0066 0.1276 0.0125 0.0234 0.0046 
           
Unkown (8)           
Unknown 1 < 700 - 0.0499 0.0021 0.0595 0.0042 0.0304 0.0052 0.0238 0.0028 
Unknown 2 1055 - 0.0088 0.0009 0.0052 0.0005 0.0072 0.0008 0.0106 0.0016 
Unknown 3 1058 - 0.4082 0.0268 - - - - - - 
Unknown 4 1134 - 0.0188 0.0084 0.0293 0.0334 - - 0.0265 0.0153 
Unknown 5 1206 - 0.0106 0.0009 - - - - - - 
Unknown 6 1304 - 0.0725 0.0736 0.1122 0.1727 - - 0.0334 0.0224 
Unknown 7 1353 - 0.0251 0.0025 - - - - 0.0220 0.0011 
Unknown 8 1400 - - - 0.0060 0.0004 - - - - 
a Compounds were sorted by chemical functional groups and identified by comparing GC-MS database and Kovats Retention 
Index (KRI) 
b Experimental Kovats Retention Index was based on DB-5 MS capillary column 
c Reference Kovats Retention Index according to reference (1, 8, 25-62) 
d Compound was tentatively identified based on comparing mass spectrum with GC-MS database only 
e Average peak area percentage of each compound from triplicate experiment (Area%= peak area of single compound/ total ion 
chromatograph) 
f Standard deviation of average area% 






















Esters 0.5604 - - - - - - 
Alcohols 0.0005 0.8176 0.2224 0.0053 0.6123 0.0012 0.0005 
Acids <.0001 0.0004 <.0001 <.0001 <.0001 <.0001 0.0974 
Acetals 0.0009 0.0011 0.2471 0.5216 0.0119 0.0021 0.9195 
Phenols 0.0452 0.0616 0.0600 0.5196 1.0000 0.5300 0.4066 
Aldehydes <.0001 0.9838 <.0001 <.0001 <.0001 <.0001 <.0001 
Anhydrides 0.0314 0.0292 0.1240 0.5331 0.7380 0.1483 0.6670 
Sulfurs 0.0430 0.2180 0.6312 0.9390 0.0396 0.0881 0.9110 
Ketones 0.0009 0.9100 0.0215 0.5416 0.0090 0.0017 0.0037 
Ethyl Acetate  <.0001 0.3427 <.0001 0.0185 <.0001 <.0001 <.0001 
Ethyl butanoate <.0001 0.0040 <.0001 0.0003 <.0001 <.0001 0.0002 
Ethyl pentanoate <.0001 0.0008 0.3602 <.0001 0.0058 <.0001 <.0001 
Ethyl heptanoate <.0001 0.0011 <.0001 0.0910 <.0001 <.0001 <.0001 
Ethyl octanoate <.0001 0.0031 <.0001 <.0001 <.0001 <.0001 <.0001 
Hexyl hexanoate <.0001 0.7140 0.0001 0.0025 <.0001 0.0111 0.0479 
a The above part is the ANOVA and Tukey test of each chemical class. The below part is the statistical analyses of ester 
compounds with high intensities. 
b Level of significance α=0.05 was used for both ANOVA F-test and Tukey W test. For p-value <0.05, there is a significant 






Figure 3.1 GC-MS total ion chromatogram (TIC) of original Gujing liquor that was stored for 1 year 
  
























Figure 3.2 GC-MS total ion chromatogram (TIC) of original Gujing liquor that was stored for 5 years 
  
























Figure 3.3 GC-MS total ion chromatogram (TIC) of original Gujing liquor that was stored for 10 years 
 
  























Figure 3.4 GC-MS total ion chromatogram (TIC) of original Gujing liquor that was stored for 20 years 
 
  






















Figure 3.5 Time-cause changes of total ester, alcohol, acid and acetal compounds in original Gujing liquor during aging. 






















Figure 3.6 Time-cause changes of phenol, aldehyde, anhydride, sulfur compounds, and ketone in original Gujing liquor during 
aging. 
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IV. GENERAL CONCLUSION 
Chinese liquor “Gujing Gongjiu” is a traditional Chinese distilled alcoholic beverage 
that is categorized by its strong-aromatic fragrance. It has strong floral, fruity, and sweet 
flavors with a smooth taste.  
To facilitate the determination of liquor flavors, a headspace solid-phase 
microextraction (HS-SPME) method was at first optimized to determine the best 
condition for extraction of liquor volatiles. A Gujing liquor with 50% (v/v) of ethanol 
content was diluted to 5% (v/v) of ethanol content by saturated sodium chloride solution. 
From this stock solution, an aliquot of 2.7 mL diluted sample was used for volatile 
extraction. The sample solution was equilibrated in a 40°C water bath for 30 minutes, 
then extracted by a 100 µm PDMS SPME fiber at 40°C for 60 minutes. Gas 
chromatography-mass spectrometry (GC-MS) was used for the following quantitative 
and qualitative analysis of liquor volatiles. Volatile compounds were identified by Kovats 
retention indices and their mass spectrum compared with those in the standard libraries. 
A 95% confidence interval (CI) was used for statistical analysis.  
Second, the influence of extended aging time on the composition of liquor volatiles 
was investigated. Volatile compounds were extracted by HS-SPME from Gujing liquors 
that were aged for 1, 5, 10, and 20 years, where nine chemical classes were identified. 
Esters were the major volatile group that provided floral, fruity, and pineapple-like aroma 
that serves as the main contributor to the liquor’s flavor. Ethyl hexanoate was the 
predominant compound in all four liquors and accounted for approximately 50% of total 
volatile amount. There was not a significant difference of the compositional percentage 
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of ester compounds in the liquors with different aging time, though concentrations were 
in the lowest level after aging of 10 years. Esters could hydrolyze to organic acids and 
alcohols during storage, resulting in the highest percentage of volatile organic acids 
occurred in the 10-years aged liquor. Those acids significantly increased in the aged 
liquors stored for 5 and 10 years, followed by significant decrease of approximately 50% 
after aging for another decade. Alcohols were the second largest volatile group that 
provided sweet and fruity flavors. Unlike the ester class, the concentration of detected 
alcohols decreased when aging time increased. The reduced amount of alcohols was a 
result of evaporation, oxidation or formation of different chemicals. Acetals provided 
floral and fruity flavors. Their amounts were reduced significantly during the first 5 years 
of aging before they became relatively stable along with the increasing aging time.  
Other identified chemical classes included phenolic compounds, sulfur-containing 
compounds, anhydrides, ketones, and aldehydes. However, only one or two compounds 
were identified from each of those groups just mentioned above. Their concentrations 
were relatively lower compared to those of the predominant compounds. Phenolic 
compounds might come from the rice hull that was added during distillation, and their 
content was stable during liquor aging. Sulfur-containing compounds might result from 
the decomposition of sulfur-containing free fatty acids, and reached their highest 
concentrations after aging of 10 years. 
Quality control, adulterated liquor recognition, liquor blending, and flavor adjustment 
are all associated with the chemical analysis of volatile components of liquors. An 
optimized aging time for a liquor can help liquor manufactures to produce high quality 
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liquor with minimal liquor evaporation and flavor degradation. In addition, it is better to 
have a liquor blending based on the volatile profile rather than dependence on experience. 
 
